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la rotatiofi du soleil et d feu frbs dans le flan de son equaieur. Un fhinomene au^si 
remar quable 71 ^ est foznt Veffet du hazard^ il tndique une cause ghi6rale qui a dHc}'mni6 
tons ces mouve7ncnts ^ ^ % 

autre fMnomhie Sgalement rcmar quable du systcme solairc c^t Ic feu d' ex- 
centricitd des orbes des fla 7 ibtes et des satellites^ tandis que ceux dcs cometes sont t7cs 
allonges % ^ 

^‘^cllc cst ceite cause frnmlivc^ J’cxfoseraz sur ccla^ dans la 7iotc qui tenninc 
cet ouvrage {Systcme du Monde') line /lyfot/iese, qui me farait rcsuUer avec unc i>iande 
vraisemhlance des fJUnomenes frdeddents^ mais que jc fresenfe avec la dlfance que doit 
insfirer tout ce qui n^est fomt un r6sultat dc V observation on de calcuV^ 
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One hundred years ago Laplace published an outline of the nebular 
hypothesis, which has since been confirmed and developed by the labors of 
astronomers PIis physical explanation of the evolnlion of the planets and 
satellites, under the gradual operation of the laws of nature, was the logical 
outcome of his profound study of the mechanism of our system, and rested 
mainly on the common direction of motion and the small eccentricities and 
mutual inclinations of the orbits. From the concurrence of such rcniai'lcable 
phenomena in a great number of bodies the author of the Mecamque Cfdeste was 
led to conceive that at a remote epoch m the past, the matter now constituting 
the planets and satellites was expanded into a vast rotating fiery nebula, which 
slowly contracted with the radiation of its heat into surrounding space. Accord- 
ing to the mechanical principle of the conservation of areas, the contraction accel- 
erated the rotation and thereby increased the oblateness; when the centrifugal 
force at the equator became equal to the force of gravity the particles ceased 
to fall towards the centre, and the nebula shed successive rings or zones of 
vapor from its equatorial periphery The condensation of the several rings 
thus abandoned by the contracting mass eventually gave rise to the bodies of 
the planetary system. 

Laplace observed that the comets, unlike the planets and satellites, have 
every degree of inclination and very high eccentricities, and hence he concluded 
that they were originally foreign to the solar system ; accordingly, in the nebular 
hypothesis, the comets are regarded as small nebulae which have been drayrn 
to the sun in its secular motion among the fixed stars. 

The above hypothesis, based on sound dynamical principles and worked 
out m detail by the philosophic judgement and imaginative genius of Laplace, 
has merited and received the attention of subsequent natural philosophers. 
Owing to the brief duration of human history compared to the immense ages 
required for appreciable cosmogonic changes, probably the evolution of the 
heavenly bodies can never be observed, but must be inferred from a compara- 
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tive study of existing pboiioiiieiia; and lieiico the sublime di.seovery of Ibo 
essential process involved in tbe ibimation of tbe planetary sysleni would 
necessarily mailc an epocb in tbe Instoiy of scicnee Tbe boldness and pro- 
found pbysieal msiglit with wbicb LAPLAcao aitaelved this pioblem bave juslly 
ranlced bis effort among tbe greatest aebieveinents of tbe buman inli'lled The 
germ of tbe general theory of evolulion, wliieb has so powerfully inllueneed 
tbe thought of tbe nineteenth eentiny, maybe tiaeed lo tlu' u'eondiii' spi'cnla- 
tions of tins gieat geometer 

The stiikingly analagoiis cosmogonic views advaneed by K VN'r in the 
Watui geschicMe und TJicone des preeiab'd those* ol Lapuack by foit}- 

oiie yeais, and lienee some priority is claimed for tin* gu'at inet.ipliysician of 
Konigsbcig, but since the real vitality of tlu* nebular liypotlussis siirings irom 
Laplack, whose scieiitilic eminence gave it authority coinmensurafe with the 
development of Physical Astronomy in tbe eigbti'cntli century, this grt'at cos- 
mogonic speculation is justly dated from the imblimition ol tlu* #Sb/.s/fw/c dii 
Monde in 1790. 

Sm WiLCiAM ITiniHcmKi/s obs(*rvations on tlu* dilb'ient types of stars and 
nebulae led bun to consider tbein of different ag(*s, and t,o conipan* tlu* lu'a\enly 
bodies 111 such various stages of (levelo|)inent to tlu* inixlun* of giowtb and 
decay prcsenled by the trc(*s of an ag(*d loiest llu* combination of 1 Ikusciiiu/s 
studies on actual plienomeiia of the beav(*ns with Lapuaok’s dynainieal s|H*cula- 
tions relative to the solar system gave the nebular hypotlu'sis both an obs(*r\ational 
and a tbeoietical basis, and hence it soon beeanu* an integial part of scK‘ntilic 
philosophy. Sir »1oiin Hrrscuki/s survey of tbe entiri* h(*avenh siippHeil new 
and important observations relative to t*he aiipearnnces of the stars <in(l m*bulae, 
and confirmed the general validity of the nebular hypotb(*sis. Wlu*n, how(*ver. 
Lord Eossb’s great Itellector ivsolved certain clnst(*rK pr(*viously classed as 
nebulae, the question naturally arose whether with suni(*u‘nt pow(*r all nebuhu* 
might not be resolved into discrete stars fortunately, tbe inv(*ntion of tbe 
Spectroscope about 1860, and IIucntiNs’s application of it to tlu* lu*av<‘nly 
bodies, showed that many of the nebulae are masses of glowing gas gradually 
condensing into stars, and, so far as possible, realizc'd tbe postiibites laid 
down by Laplaoh Joults’s discovery of the mechanical (*(iuivaU*nt of heat 
and Helmholtz’s application of the resulting laws of tb(*rniodynainich to 
the heat of the sun, established the contraction of the solar nebula, while* 
the subsequent researches of Lane, Hewoomr, Kelvin and Darwin bave 
shown the theoretical possibility of most of the develojimcnt outhiu*d iii tbe 
Systeme du Monde. 
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Notwithstanding the general confirmation of the essential parts of Laplace’s 
speculation, some doubt still remains whether the planets and satellites separated 
as lings or as lumpy masses, and whether rings of anything lihe regularity could 
ever condense into single bodies The most recent investigations of this 
question indicate that instead of separating as rings or zones which afterwards 
condensed, the planets and satellites, like the double stars, assumed originally 
the form of lumpy or globular masses 

In the time of Laplace it was supposed that the figures of equilibrium of 
rotating masses of fluid, whose particles attract one another according to the 
Newtonian law, are of necessity surfaces of revolution about the axis of 
rotation, and therefore that a separation could take place only in the form of 
a ling or zone But the investigations of Jacobi showed that a homogenoouH 
mass of fluid in the form of an ellipsoid of three unequal axes rotating about 
its shortest axis could be maintained iii equilibrium by the pressure and 
attraction of its parts, the figure of such a mass is no longer one of revo- 
lution, although it IS still symmetiical with respect to the axis of rotation. 
PoiNO Ann’s recent investigation of the stability of the equilibrium of thu 
Jacobian ellipsoid showed that when the oblateness has become about two-fifths 
the equilibrium in this form becomes unstable, and another figure is developed j 
the body assumes the form of a pear or an hour-glass with two unequal bulbs, 
and finally breaks up into two comparable, though unequal, masses. Starting 
from an entirely diflPerent point of view, Darwih made an independent and 
almost simultaneous investigation of the form assumed by the mass after the 
Jacobian ellipsoid becomes unstable. Taking two sejiaratc masses of fluid 
revolving as a ligid system in such close proximity that the tidal distortions of 
figure cause them to coalesce, he determined the resulting figure of equilibrium, 
and found a dumb-bell form corresponding very closely to the Apioid discovered 
by Poincare. Though both of these investigations relate to homogeneous 
masses, and therefore are not strictly applicable to the cases which arise in 
nature, yet they agree entirely in proving the existence of unsymmetrical forms 
of equilibrium; and a comparison of these figures with the drawings of double 
nebulae made by Sir John Hbrschel leaves no doubt that the process of 
separation into unequal but comparable masses indicated by these recondite 
mathematical researches is abundantly illustrated in the evolution of double 
stars from double nebulae. If this process has played such a prominent part in 
the genesis of the stellar systems, it is highly probable that the planets and 
satellites originated m a similar manner, notwithstanding the abnormally rapid 
increase m density towards the centres of the solar nebula implied by the 
separation of such inconsiderable masses. 
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When Newton established the law of univeisal giavitatioii he also discovered 
the tiiie caii^fe of the tides of the sea, and outlined some of the piincipal pheiioineiia 
which follow from the peituibiiig action of the sun and moon upon the wateis 
which cover the terrestrial spheioid Alter the lapse of moie than a century 
IjATLace attached this problem fiom the dynamical point of view, and developed 
his celebrated analytical theoiy of oceanic tides, which has been generally 
adopted in the subsequent icseaiclies of astionoiners About two cciitiuies 
after Newton established the cause of the tides, Dahwin was led to consider 
not only the tides in the mass of fluid spiead ovei the earth’s sui face, but also 
those which aiisc in the body of the globe, owing to its imperfect iiguhty 
lie incpined wliethei the eaith’s mass might not be a fluid ol gieat viscosity, 
and piocceded to develop the theory of hod%ly hdes, and to discuss the heal- 
ing of these leseaiches on the cosmogonic histoiy of the eaitli and moon 
When the investigation was subsequently extended to othei jiarts of oiii systcmi, 
it was found that while Laplace’s hypothesis as a whole lemaiiied unshalvcm, 
some appreciable modifications weic icndeied necessaiy, especially in the case ol 
the earth and moon, where the relatively laige mass-iatio of the coin])onent 
bodies sensibly inci cased the efficiency of tidal Inction It seemed cleai that 
in the development of the hmai -terresti nil system, the action of tidal friction 
had been of pai amount nnpoitance, but that clsewheic the elfects had bc'en 
much less eonsideiabh', owing chiefly to the small masses of the attendant 
bodies 

When wo reflect that the planetaiy system is made up of a great. iiiiiiiIkt 
of vciy small bodies revolving m almost circular orbits about large cential 
masses, and is thciefoie dilfcient fioin all other known systems in the heavens, 
although other systems like it may exist unobseived, it is lemarkablo that, 
pievious investigators have almost mvaiiably appioached the problems of 
Cosmogony from the point of view of the planets and satellites, and that no 
considerable attempt has been made to inquiie into the development of the 
great nnrabei of systems observed among the fixed stais The shoit jieiiod 
of time which has elapsed since the explorations of the Telescope have made 
known the general state of the heavens, with the impossibility of observing any 
considerable changes, except in the case of double stais, may perhaps account 
foi the natui al tendency to focus all effort upon the development of the planets 
and satellites But the peculiar character of our system, compared to othei 
known systems in space, lenders tins procedure incapable of giving us any 
general law of nature It is only from a study of the systems of the univoise 
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at laige that wc may hope to throw light upon the general problems of 
Cosmogony, among these systems the binary stars are eminently suited foi 
such an investigation 

In the present work wc piopose to investigate the evolution of the stellar 
systems The iiroblcin is difficult and the observations arc incomplete, and 
hence in this arduous undertaking we may beg the indulgence of astionomers 
for such imperfections as the discussion of the subject will neccssaiily exhibit. 
The piesent volume is devoted mainly to the facts as made known by the 
labois of double-star ohseiveis since the time of Sir Wirliam IIkrsoukl, tlu' 
mo le theoretical inquiry into the Secular Effects of Tidal Friction and the Pio- 
eesses of Cosmogony is leseived for subsequent treatment 

It would seem that the micromctiical measuies discussed in this work 
establish loi the fiist tune, on a secuie obsci vational basis, the general shape ol‘ 
the leal orbits of double stais It follows from the lesulls here brought to light 
that the most ])iohablc ceeontiicity among double stais is over 0 45, and since this 
mean value is deduced from the consideration of forty orbits, which liitiire 
observations will not alter materially, wc see that such high eccentricities are 
ehaiacteristic ol the stellar systems In the solar system the mean eccentricity 
for the gieat jilauets and their satellites does not surpass 0 0389, and hence 
we see that the av&i'age eccentricity among double stars is about twelve times 
that found in our own system. The gieat number of binary stais and the 
piactical ccitamty that the properties deduced from forty of the best orbits 
now available will he confirmed by the stollai systems in general, justifies us 
111 laising this lemaikablc induction, relative to the eccentricities, to the dignity 
of a liindamental law of nature The binary stars are thci efoi e distinguished 
from the planets and satellites by two striking chai acteristies 

1 The orbits aie highly eccentric 

2. The stars of a system are comparable, and frequently almost equal, in 
mass 

The first of these remarkable properties is traced mainly to the condition 
stated 111 the second, high eccentricities probably did not belong to those 
systems originally, but have been developed by the secular action of tidal fiiction, 
which IS a physical cause affecting all cosmical systems. 

In developing the theory of gravitation mathematicians have very generally 
assumed that the atti acting masses are rigid solids, and hence it has been easy 
to overlook the fact that nearly all the bodies of the visible universe are leally 
fitml The stais and nebulae are self-luminous masses of a gaseous, liquid or 
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semi-Bolicl nature, and hence it is apparent that ni such systeniK enounous bodilj 
tides will necessarily aii&c from the mutual giavitation of the pai lidos 'lidos 
aic cosmic phenomena as nniveisal as giavitation itself; and since tidal fiietion 
will opeiatc in cveiy system of fluid bodies which is endowed with a lolative 
motion of its parts, we see that the general agency ol bodily tides gives lise 
to most impel tant secular changes in the figuics and motions ol the heavenly 
bodies The tidal allei ations of figure, winch modify the atli action on neighboring 
bodies, will become especially maihed in the case of double stars and double 
nebulae, where two large fluid masses iii eompaiative pro:Muii(y aie subjected to 
then mutual gravitation, and hence if the bodies of sudi a system be lotaling^ 
as well as revolving the scciilai woihiiig of tidal friction becomes <ui agem y ol 
gloat and indeed of paiainoiiiit impoitaiicc. The geiieial tbeoiy ol all Ibe seculai 
chaugos which follow liom the double tidal action aiisiiig in a Imiaiy system 
icmains to be developed, but meanwhile the woik ol Daiiwin hi eoimoelioii 
with the extension winch I have given Ins rescai ehes, makes known some ol 


the 11101 c important ofl'ecls 

T'lom our previous invesligalions it seems cxeeedingly piohable that tlu* 
great ccccntneitios now observed among double stais have arisen from 11 k‘ 
action of tidal fiietion dining iimneiise ages, that the elongation ol the leal 
01 hits, so unmistakably mdiealod by the appaieiit elbiisus desenbc'd by the stars, 
IS the visible tiace, ol a physical eauso winch lias been working loi imllions of 
yeais It appeals that the oihits weie oi igmally nearly c ireular, and that undei 
the woikiiig oi' the tides m the bodic's ol the slain they bavi' l)c‘(*u giadiudly 
expanded and reudcrcul more and more ec'centiic 

kSoiuo simple cousidei ations will enable us to see bow tlu'se gmieivil ri'sults 
arise from the secular action of tidal friction. Suppose tbi‘ two stars of a systmu 
to he spheioiclal llnid inasseR ol small viscosity, and let us assume, eonloi inabK 
to the motions observed in the solar system and to those' wbic'b would ii'siill 
from the division of a double nebula, that the two bodii's are lotating aboiil 
axes ueaily perjieiidicubir to the plane of oibital motion, and m tlu' same 
direction as the revolution alioiit the common eentie of giavity, also let the 


angulai velocity of rotation cons klei ably surpass that of orbital revolution 
Theu, as the fluid is viscous, the tides laised m eiibei mass by the nltraelion 
of the other will lag, and hence the mnjoi axes of the tidal ellipsoids will iiuiiil 
m advance of the tide-raising bodies, and the tidal elevations will cvcreisc'. on 
them tangential disturbing forces winch tend to acceloi'ate the instantaneous 
velocities and thereby increase the mean distance The reaction of the i evolving 
bodies upon the tidal protiiberaiiees will retaid the axial rotations; I'or the 
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moment of momentum of the whole system is constant, and the moment of 
momentum of axial lotation lost by the stars must he just equal to the gam 
in moment of momentum of orbital motion. Thus the rotations of the stars aie 
diminished, while the mean distance is correspondingly increased. 

But the tangential disturbing force is found to vary inversely as the seventh 
power of the distance, and hence when the orbit is eccentric the accelerating 
foicc at peiiastron is very much greater than at apastron The result is that 
at peiiastioii the disturbing force increases the apastron distance by an abnor- 
mally laige amount, while at apastion it increases the periastion distance by a 
very small amount Thus while the ellipse is being gradually expanded, the 
apastron is driven away so rapidly compared to the slight recession of the 
periastion that the oibit grows more and more eccentric When the axial 
rot<ition.s aic sufficiently icduced hy the transfer of axial to orbital moment of 
moment inn this change of the system will finally cease, under conditions different 
fiom those mmitioned above the cccentiicity and major axis may decrease, and 
various other changes tahe place 

The causes here briefly slvetchcd appear to ho sufficient to account for the 
develoiunont of double stars, and the tidal thooiy might therefore he regarded 
as satisfactory, yet if the explanation ho deemed incomplete it is easy to adduce 
coiisideratioins which cxeludo other conceivable hypotheses Let us imagine the 
£c-axis to represent the region of eccentricity, and divide this line into convenient 
parts, making the intervals, say, 01, then we may erect oidinates denoting the 
mimhcr of orbits ialling in a given region, and thus illustrate the distribution 
of oibits as regards the eccentricity The irregular line which results from 
connecting the points dctoiiniiiod by a filnitc number of mbits would become a 
smooth carve if the number wcic indefinitely inci eased In case of the double 
stars we obtain what is essentially a probability curve with the maximum near 
0.45; the slope on either side appears to be somewhat gradual, hut the ciiive 
vanishes at zoio and unity 

If wo make a similar representation for the orbits of comets, we shall find 
a very high inaximinn at the eccentricity midy; in this case both slopes are 
cxti aoidinaiily steep, though perhaps the curve descends with less rapidity on 
the side to wauls the origin, on account of the considerable number of periodic 
comets which have been gradually accumulated by the perturbing action of the 
planets. The coiiespondmg curve for the planets and satellites has a high 
maximum near 0 0380 , and while both slopes are steep, that on the side from 
the origin is the more gradual hy vii'tue of the somewhat unusual eccentricities 
of Hyperion, the Moon and Mercury 
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If we inqmie into the physical meaning of these illustiations, it is easy to 
see that the disti ibiition of the comctaiy oibits about the paiaholic ccconti icily 
indicates, as Laplace fii st pointed out, that the comets have been di awn to 
om system fiom the regions of the fixed stais. The emvo foi the planets and 
satellites pioves moiely that the eccentiicities weie oiiginally small, and that, 
under the minimized effects of tidal fiiction lesiilting fiom such inconsideiable 
masses, they have nevei been much iiici eased The eiiive for the oibits of 
double stai s is of such a iiatui c that we cannot, as m the case of comets, assign 
to these systems a foitintons oiigin, foi m this event the eccentiicities would 
surpass, equal oi aiipioximate unity, and the periods of i evolution, if finite, would 
bo of immense duiation, noi could any cause be assigned foi the i eduction of 
the cccentiicity and jiciiod if it be admitted that anything which might piopoily 
be called a system could aiiso fiom the appioach of sepaiate stars On the 
other hand the stellai oibits have no close analogy with those of the planets 
and satellites, foi they aie densest in the icgioii of mean elliptic eccentiieity, 
and thus almost equally lenioved fiom the two exti ernes pieseuted m the solar 
system They weie theiefoie of this mean foim originally, oi have been made 
so by a cause which has left a distinct nnpiess upon the iiatuie of the systems 
Hie secular alteiation in the figine of equilibrium of a gieatly expanded mass 
like a double nebula would of necessity be veiy giadual, and hence it follows 
that the mass cut off undei the iiici eased centiifugal foicc incident to slowly 
acceleiated rotation would begin to i evolve in an oibit of compaiatively small 
eccenti icity Indeed, weie the initial cccentiicity consideiable the two nebulae 
would come into giazing collision at periastron, and in consequence of the 
1 esistancc encountei ed the system would i apidly degenei ate into a single mass 
When at length the bodies are separated, each mass will contiact and gam 
conespoiidingly m velocity of axial lotation, and tidal fiictioii will begin expand- 
ing and elongating the oibit, nothing but this secular piocess would be adcciuale 
to develop the mean eccenti icities obsei vecl in the immensity of space If then 
tidal fiictioii be sufficient to account foi the elongation of the leal oibits of 
double stars, we shall be justified m concluding that it is the tiue cause of‘ the 
phenomenon Aceoidingly, it does not seem probable that the conclusions i cached 
111 the Inaugwal Dissertation which I piesented to the Faculty of the Uiiiveisity 
of Beilin will be materially altered, but some of the many pioblems eoiiiiected 
with the gencial theoiy of tides still need additional elucidation If we shall 
be able to explain the oiigin and development of double stars, the abundance 
of such systems will raise a presumptioii that the agencies and processes involved 
are moie or less general throughout the universe, and no inconsiderable light 
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Will be thrown npoii the laws of Cosmogony. By extending oni roseaiches to 
the vaiions classes of nebulae and clusters, additional laiowledgo will be gained, 
and m the couise of time it will be possible to approach the general pioblem 
of cosinical evolution. 

For more than two centuries Celestial Mechanics has been occupied with 
tlie confirmation of the Newtonian law, and with the develo]nnent oi‘ theoiies 
foi the piecise deteiinination of the figuies and motions of the heavenly' bodies. 
Xii the wiitings of INjswton and Laplaok the attracting masses aie essentially 
solid spheioids covoicd by a fluid in eqiiilibi luin. The thcoiies ol llie oibital 
motions and pei tui bations of the planets, and of the figures and rotations of 
these bodies about tbeii centres of giavity, arc treated mainly fioin the point 
ol view ol iigid dynamics, and little account is taken of the lact that so lai as 
known the heavenly bodies aic masses of viscous Ihiid The work ol Dakwin 
on the piecessioii of a viscous splieioid and on the Hocular elleets of bodily 
lid.il (iietion marks an epoch m the liistoiy ol Celestial hfeeliaiiKs, which will 
eventually become a science of the equilihiiiim and molioii of lluids, and must 
take account of not only the at ti actions duo to iindistiirbed liguics, hut also the 
forces arising from tidal clefoi mation, with the resulting secular changes m the 
motions of the heavenly bodies. 

Physical Astronomy has been devoted herotofoi c to first approximations 
under the law of universal gravitation, in iiarticular, to the devc'Iopmeiit of 
methods for tracing the exact paths of the heavenly bodies tlnongh past and 
future centniics; the theoiies thus developed arc ap])licablG to all peiiods of 
i*ecoided histoiy and are justly considered the most imposing monuinents yet 
leaied by the human intellect But the ultimate aim of Astioiioniy is not only 
to explain and to piedict iihcnomena which the course ot time will make known 
to observers, but also to determine the secular effects of cumulative causes, and, 
liy approaching the primitive condition of the nniverse, to discover the origin 
and to trace the evolutionary history of the stars As the slow pi oeesscs of 
cosmical development aie forever withheld from the dii cct vision of the astronomer, 
and can bo discovered only by the investigation of the contiiiiied eficcts ot laws 
and causes now at work in the heavens, the solution of this sublime problem 
will be au achievement not unworthy of the human mind 

IlAWLihY House, 

5320 Vaslirngtoii ilve, Cliicago, 

May 6, 3890 




CHAPTER 1. 

On the Development oe Double-Star Astronomy, and on the Mathe- 
matical Theories oe the Motions oe Binary Stars. 

§1 Historical Sheich of Double- Star Astronomy from Herscliel to Bwnliam. 

The sug'g’estive relation of ceitain prominent stars, in contiast with the incg- 
iilar maniiei in which the inultitudo aie sticwn ovci the surface of the celestial 
spheie, piesented to the minds of the ancients the appeal anco of arrangement 
or classification, the more or less obvious constellations Unis nivcuted for 
blight and widely-sepai ated objects wcio of vaiiotis sizes, and Ircqnently of 
an aibitiary character The condensation of the stars into natuial gioiips, 
such as the Pleiades, Coma Berenices, and the clouds in the Milky Way, must 
have attracted eaily attention, but no one attempted a philosophical inquny 
into the cause of such arrangement until Mitchell took up the question in 
1767, and showed from the theory of probability that a real physical connection 
was strongly indicated Furthei considei ations of a similar character led 
him to predict in advance of observation that compound stais would be found 
1 evolving about then common ccntics of giavity Lambert had surmised 
the existence of possible stellar systems m 1761, and Gtiordano Bruno, 
Cassini, and Maupertuis had advanced even caihcr conjectuics of the same 
kind The argument for physical connection of closely associated stars, based 
on the theoiy of piobability, has since been gicatly extended by William 
Struve, and a practical verification of theory is furnished by the evidence of 
oibital motion in about 500 out of the 5000 intei esting double stars catalogued 
by modern observers 

The designation double-stai (StirXou?) was fiist employed by Ptolemy in 
describing the appearance of v Sagittarii. The first object of the kind ever 
discovered with the Telescope was probably lUisae Majoris, which appealed 
double to Eiooioli about the middle of the seventeenth century The quad- 
ruple system 6 Ononis was detected by Huyghens m 1656, and the wide pair 
y Anetis by Hooke some eight yeais later While observing a comet at 
Pondicherry, India, in Decembei, 1689, Father Riohaud separated the com- 



12 


HISTORICAL SKETCH OP HOITBLE-STAH ASTE0K03VIT 


poiieiits of aCentmcri, and thus seemed the fiist lecoid of a stai, which has 
proved to he binaiy The duplicity of y Vitginis was accidentally discoveicd 
hy Bradley and Pound in 1718, and subsequently le-discoveied by Cassini 
and Messier, while obseiving occultations, with a view of finding evidence of 
an atmospheie suiioundiiig the moon 

a.GemMio)um was lesolvcd in 1719, 61 Gygni m 1753, and Cyqm in 1755, 
hut although these spoiadic discoveiies had been made, no systematic scaieh 
foi double stais was attempted until 1777, when Christian Mayer, of Mann- 
heim, began to collect a list of these lemaikable objects Having i cached the 
conclusion that faint stais ncai laigei ones aie essentially i evolving planets, 
ho seal died the heavens attentively with an eight-feet muial ciicle, by Bird, 
and diseoveied 111 all some seventy-two pans, including y Andromedae, iGancit, 
a He) cults, eLyiae and ^ Gygni TJnfoitunatcly, the wide objects within the 
leach ol such a telescope seldom have any appieciable lelative motion, and 
hence the stars diseoveied by ISIayer give veiy little evidence of the jiliysical 
eoniiection which he expected 

The loal histoiy ol double-stai discoveiy and measiiicment, dates tioin the 
exploiations begun by tint William IIersoiiel in 1779 This indelatigable 
obhcivei sought to giaiqilo with the unsolved pioblem ol stellai paiallax, winch 
had engaged the attention of astionomeis since the tune of Copernicus 
Jfejectiiig the methods lecoiiinieiKled by Gvlileo, Flamsteed and Bradlei, 
he inoposed one of his own, depending on the measiii einciit of posit lon-.nigles 
of two stais of unecpial magnitudes fioin opposite sides ol the eaith’s oibit 
Hbrsciiel supposed the double stais to ho meie gioups of peis])ecti\o, and 
hence he hoped to detect the i dative parallax due to the orbital motion o( the 
eaith He lesolved to examine eveiy stai in the heavens with the utmost 
attention undei a veiy high powei , the siiperioiity ol his tclescojie gave him 
an advantage over pievious obscrveis, and moieovei, his impioved ojitual 
appliances weie supplemented by gicat cneigy and boundless enthusiasm 
Duiing the mtcival fiom 1779 to 1784 he made an extensive catalogue ol 
double stars, some of which ho hoped would ultimately piove to be suit.ible 
foi measurement of parallax In 1782 he coimmuiieated to the Itoy.il Society 
a catalogue of 269 double stais, 227 of which were new, and followed it, tliiec 
ycais latei by a second catalogue containing 434 such objects For the next liftcon 
years the attention of the gicat observei was devoted to, among other things, 
the measuicment of these pans, with a view of finding those best adipted to 
parallax determination Slight changes weio obseiwed liom the fiist, but in 
most eases the shifting of the relative positions of the objects was attiibuted 
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either to the proper motions of the stars, or to the secular motion of the sun 
m space The motions were so slow that it took the ohscrvations of many 
years to piove conclusively that certain double stars arc moving in regular 
01 bits This unexpected and astonishing result was finally announced by 
ITerscitel in 1802, and demonstrated during the following year by his elabo- 
rate memoirs on binary stars These investigations supplied the first satisfac- 
tory evidence that some of the double stais constitute gcnnino stellar systems 
maintained by the action of univei*sal gravitation IIerschbe’s celebrated jiapcrs 
dealt with the motions of such objects as ^Ursae Major is, 70 O'plnuchi, yY%rgmis, 
a Geminorum, g Coronas Boreali‘(, ^ Boohs, g Casnopeae, ^ Hercuhs, g^BooUs; 
and in some eases assigned rough estimates of the iieriods of revolution. The 
inteiest in an announcement which opened up fields of inquiry of the widest 
scope, was fully commensurate with the inherent importance of the* dis(*oveiy, 
and yet, notwithstanding the splendor of the achievement, double stars were* 
little obsoived during the first twenty years of this eentniy 

Sir John IIersohel began some prehininaiy woik on double stars in 181(5, 
and was soon joined by Sir Jambs South During the next ten yi'ars ihese 
two observers jniblished several senes of observations made either conjointly or 
sepal ately, and when Sir John IIbrschel made his suivey of the Hoiitliern 
llemispheie, over 2000 pairs weic discovered and roughly measured. 'The con- 
scientious records which ho has left us m the J2e.mlts of his observations at 
the Cape of Grood Hope, as well as the catalogues since publnshed, and his 
elegant researches on the orbits of double stars, ensure to him a distinguished 
place among those astronomeis who have labored to advance our knowledge 
of binaiy systems 

The systematic survey of the pait of the heavens between the' north pok' 
and fifteen degrees south decimation, executed by William Si'ruvb betweem 
the years 1824 and 1836, will long remain the most important contribution to 
double-star Astronomy ever made by one man The instrument used was thi^ 
Dorpat 9 9-inch refractor by Fbauniioeer, the results furnished the matm-ial 
of the Mensuiae ^herometneae which includes careful observations of 3112 double 
and multiple stars, besides records of his pievious work with smaller instruments. 
The labors of William Struve abolished IIersciiel’s cumbersome method of 
leferrmg position-angles to the quadrants, and reduced double-star Astronomy 
to a scientific basis by reckoning the angle continuously from 0° to 360°. Out 
of this extensive work grew other reforms, such as the superior classification 
and arrangement of the results, and in this way Struvb laid the foundations of 
the subsequent development of the science. 
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Among the othoi obsoivcih who contiibnted. to this branch of Astronomy 
piioi to 1850, we may mention especially Madler, Bessel, and Da^vbs The 
mca&uios of Dawes take high rank foi quality and serve as an example of 
what may be done by piivate obseivcrs with limited appliances Other deceased 
observeis especially deserving of mention for impoitant contiibutions to the 
lecords of double-star Astronomy are Seccut, Kaiser, Knott, Encilbmann, 
Jedrzetewioz, and, above all, Baron Dembowski 

Though the last-mentioned ohsoiwor worked privately and with a small 
instuimcnt, his measuios are moie extensive and perhaps more accurate than 
those of any othei obseiver eithei living or dead Coveimg the peiiod from 
1854 to 1878, the work included measuies of all the pans in the Menstiiae 
MicroTnetTicaB accessible to his 7-ineh glass, besides nuineious observations of 
pairs more i ecently discovered by himself, Otto Struve, Bueniiam and Alvan 
Clark The twenty thousand precise measures executed by this great astionomci 
were collected aftei his death, edited by Otto Struve and Sctiiararelli, and 
published in two large quaito volumes by the Academia dei Lyncei of Koine 

Beginning piioi to 1840 and extending ovei the next fifty yeais, the double- 
star woik of the illnstiious Otto Struve fiiimshes by fai the longest and most 
homogeneous set of obsei vations yet made by any astionomei Besides lecoids 
of the numeious stais discovcied by himself and by hia father, Otto Struve’s 
woik includes lehable data foi the most impoitant stais discovcied by othc'i 
picvious and eontempoi aiy obsoivcis Many of his own stais aie close and ha\e 
pioved to be conqiarativcly rapid, and hence will soon yield satisfactoiy mbits 

Among living obsciveis the names of Otto Struve, Hall, Duneii, 
Schiaparelli, Tarrant, Bigo urban. Maw, Glasenai’p, TEBiniT^i’, Si’one, 
Comstock, Knorre, Seabroke, Dobbrck, Perrotin, Hough, and Buuniiam 
will be familial to the leader Bach has coiitiibutcd impoitant niateiial foi the 
study of the stellar systems, hut the woik of Struve, Hall, SciiiAi’AitEiau, 
and Bueniiam IS especially impoitant to the computei, as covciing a long senes 
of yeais and thus supplying homogeneous raateiial for the determination of the 
orbits of revolving binaries 

Prior to 1870 it had been geueially hold by such authoiities as Dawes 
that the subject of double stars was piactically exhausted by the discoveiies of 
the Hersciiels and the systematic surveys of the Struves As the lattc'r had 
swept over all the blighter stars in the noithein heavens, including about 140,000 
objects, we may refei with a certain pleasuie to the epoch-making discoveries 
since made by Burnham, who has detected neaily 1300 important jiairs which 
had escaped all piovious observers Burntiam’kS stars are either vciy close oi 
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the companion is very faint, and tboir high importance lies in then rapid oibital 
motion This charaeteiistic of Buristham’s stars has already enabled us to 
deduce a number of most interesting orbits It is probable that dm mg the 
next half ceiituiy his stars will yield more good orbits than all the other stars 
pievioiisly discoveied put together ’When we remembei that the aim of the 
observer is to determine the paths of the stars with a view of throwing liglit 
upon the chaiacter of the stellar systems, it is clear that the ineasiireinent of 
these close objects, which will yield a laige mimbci of orbits within a reasonable 
time, IS the most pressing duty of the observer of the future Many distinguished 
observers have devoted their attention to the sidereal studies begun by the 
Hersohels and developed by the Struves, but none have laboi ed more devotedly 
or achieved more splendid discoveries than the illustrious Burnham. 


§ 2 Lcqiil(«‘(\ Demonstration of the Law of Gravitation 
in th^ Planetary System 


Suppose we denote by X and T the forces which act, on a planet, resolved 
along the cooidiiiate axes, and directed towards the origin at the ccntio of the 
sun; lot the plane of the oibit he taken as the piano of xy Thou we have, 
as the equations of motion. 


S+^- » 


dhj 


+ Y 


0 


a) 


If we multiply the first equation by —y, and the second by and add 


the lesLilts, we find 


(i(xdi/—ydx) 


+ 'r¥-yZ = 


0 


(3) 


But is tho double areal velocity, and by KepTwEr’s law the 

aieas desciibcd by the radius-vector of the planet are proportional to tho time 
Therefoie wo have 

®F-2/X=0, pi) 

or the forces X and Y are related as the coordinates x and y ; which indicates 
that the attractive foice is directed to the origin of coordinates Therefore wo 
conclude that the force which retains the planets in their orbits is directed to 
the centre of tho sun 

We may now investigate tho law of this force at different distances. On 
multiplying the first of (1) by dx, and the second by dy, adding and inte- 
grating, we have 


( 4 ) 
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T1 we denote the double areal velocity by c, we shall ha\ (* 


, I (III — i/il t 

(If = - — 

( 


and hence llic last equation gives 


IVy) = 0 

(uh/ — iji/iy 


In polar eooulnuilcsSj 


and we find 


=r } COR/’ , ^ J > = \/^--|-// J 




If we now (It'nolc* by fi' the ct'utial Ibice whicdi acts on the planet, W(> 
shall have' 

A - /'(osf. , 1 = Fm\n , /'’ = VT^-fT” 

lleiue we g(d 

Xdi + Ydi/ •= A’( ()s^’(('os /v// — / sni/vb’)+ A’ siiw (siiw ; cdsiv/e) — AV/' 


Tlieieloic 


and we liml 




I 2,2/ m 

If the force /d wcie a known fiincliou of r, we might find c by the jiio- 
ccBS of qnudratnre But since the force is unknown, although the hih'c k‘s of 
cnive it onuses the planets to dosciibe is known, we may diflcunitiate e<nintioii 
(()), and obtain 

jj, _ I $ (tt) 


lIi5PLETi found fioin observation that the planets and c'onicts icspi'ctively 
move in ellipses and jiarabolas, whudi are conic sections d''li(' jiolai ei] nation 
of a conic may be written 

1 _ 1 + !■ cos («—<») 

7 «(L-('b ’ ^ ^ 

whence we find 

di <’sm (??—(«) 

;b/(' ~ <((1— ’ 
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ch ^ aoa^(r—w) 

01 = y 

r*di>^ a\l-e^y 

If WO leduco the second membei- by (9), 

e cos (??—<■)) —1 + — ^ , 

WO shall easily find 

di^ _ 2 1 1 

i^did ai j- ff-(l — ’ 

and hence we get 

d \ I 

I 1 \fid 5 _ 2 2 

d7 ai^0—e-) 

Tims equation (8) becomes 


a (1 —e‘) 


( 10 , 


(”) 


( 12 ) 


Theiefoic we conclude that the force which causes the planets and comets 
to move in conic sections about the sun vaiics niyciscly as the square of the 
distaiioo fiom Ibe sun’s centre. Such is the demonstration by winch Laplace 
was led to the law of universal gravitation ; it rests solely on phenomeiia, and 
IS nideiiendent of any hypothesis. The original demonstration hy !N^kwton was 
based on geometrical methods, and is given in the Ptmcijna, Lib. 1 , Sec. Tfl, 
Prop XI. 

The laws of Keplbe made use of in these demonstrations are taken as 
fundamental facts discovered from observation , hut planetary observations ni 
the time of I^ErLBR were not sufficiently exact to ensure entire rigor in these 
laws, and besides no account was taken of the mutual gravitation of the 
]ilanets. Hence it will be seen that the accuracy of the laws of Kbpi.eti, even 
m tlie time of Xewton, could be maintained only within given limits 

It IS iievei’ possible to realize the conditions of undisturbed motion assumed 
by IvepJjEU, and hence the problem presented to astronomers can bo solved 
only by successive approximations. Aesnmuig that the facts embodied in Kep- 
ler’s laws are strictly true, Xewton’s reasoning shows that the law of gravi- 
tation is mathematically exact ; if on the other hand we assume the accuracy 
of the law of Kbwton, we are led directly to the laws of Kepler as phe- 
nomena which would arise under the operation of gravitation. The laws of 
Kepler are sensibly correct, and on the admissible supposition that they are 
entirely rigorous,* astronomers have applied the law of gravitation to the dis- 
turbed motions of the planets, with a view of explaining observed inequalities, 
and of discovering from theory other perturbations winch have been snhsc- 


Ulie tlurd law is heie supposed to be collected foi the planetaiy masses neglected by Kki^lku 
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quently verified by observation This development of the planetaiy thcoiies 
has occupied the attention of astiouomers for ovei two eentuiies, and in ever}' 
case wheie donbt has aiisen the accuiacy of the ISTewtonian law has been 
vciified 

The lange of possible inacciuacy has been gradually narrowed, until at 
present the data of Astronomy show that if the law of natuie depaits at all fiora 
that given by Newton, tbe deviation must be extremely slight Indeed, the law 
of gravitation, taken in connection with its sim])lieity, is so thoioiighl}^ estab- 
lished as to aiithoiize the belief that it is rigoiously the law of natnic Its 
brilliant confiimatioii and extension since the time of Newton, esjioeially by 
Laplace, leaves but few, and gcneially insignificant, motions yet unexplained, 
and since wc know that the slightest deviation fiom the law of invcise sqiiaies 
would become vciy peiccptible in the motions of the peiihelia of the oibits of 
the planets and the periplaneta of the orbits of the satellites, and no such 
outstanding phenomena have been disclosed by observation, except in the case of 
the peiihelion of the mbit of Mercmy, which may be explained in a diffeicnt 
manner, it is hardly possible to doubt that the few anomalous phenomena yet 
remaining will finally be explained in yierfect accord with the law of Newton 

The stiongest pi oof of the ngoi of this law is to be found in the fact 
that it accounts foi both the regular and the niegiilai motions of the heavenly 
bodies, and in the hands of Laplace and his siiccessois has become a means 
of discovery as real as observation itself 

A law which explains satisfactorily the figiiies, the secular vaiiatioiis, and 
the delicate loiig-peiiod inequalities of the planets, and above all the numerous 
pertiiibations to which the moon is subjected, certainly has a stioiig claim to 
be regal ded as a fundamental law of nature, and is incontestibly the sublmiest 
discoveiy yet achieved in any science 


§3 Invest'hgatiov, of tl}e Law of Atti action, %n the Stellm 

The labors of Newton and Laplace on the mechanism of the solar systeni 
established the law of gravitation with all the rigoi which modern observations 
could demand, but neither of these two great gcometeis attempted to a])])ly 
this law to other systems existing in space The close of the career of LAPiiACK, 
]ust a centiu'y aftei that of Newton, inaiks an epoch in the verification of tlii' 
Newtonian law, smee in this year Savart devised the fiist method foi deter- 
mining the orbits of double stars, he justly based his tlieoiy on the pimciple 
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of gi’avitation which the author of the Mkiamque Celeste had recently tested 
with such tlioroughiiess foi’ the regions about the sun traversed by the planets 
and comets The method developed by Savaey has been improved and rendered 
more practical by the labors of subsequent geometers, and consequently at the 
present tune there is no considerable body of phenomena which appear to be 
irreconcilable with the law of Newton Indeed, when proper allowance is made 
for the large hut inevitable errors of our micrometi ical measures, all modern 
observations of binary stars may be explained either by the theory of two bodies 
revolving under the law of gravitation, or by the action of unseen bodies pertuibing 
the regular elliptical motion This accordance of observation with theory, while 
it increases enoimoiisly the probability of the Newtonian law, does not furnish 
an indo])ondent eritcrion, and therefore it is desirable to ascertain the most 
general foim of the ex])ressious which will cause a paiticle to describe a come, 
so that we may determine whcthci any other law can c'xplam the phenomena 
In the case of double stars, miciometrical measures enable us to study only the 
a])pareiit orbits, which are projections of the real orbits upon the jilaiie tangent 
to the celestial spheie The apparent orbits are ellipses, and thciefore we may 
conclude that the real orbits arc also comes of the same species. 'Whon the 
orbit IS projected the centre of the real ellipse will fall upon the centre of the 
ajiparcnt ellipse, but the positions of the projected foci arc not determinate 
unless the position of the real ellipse is known Astronomers arc accustomed 
to assume that Newtonian gravitation is the attractive force, and as this requires 
that the principal star shall be in the focus of the real ellipse, it then becomes 
easy to deduce the con esponding node, inclination and other elements. It is 
observed that the principal star is not in the centre of tlie ellipse, and therefore 
we infer that the force does not vaiy directly as the distance But since the 
areas swept over by the radius vector arc proportional to the times, wo may 
conclude that the force is central, and since the appaient motion of 42 (7ow«? 
Berem,ces is rectilinear, it is clear that the orbit is a plane curve, or conic 
section. As other forces besides gravitation could cause a particle to describe 
a conic, Bertrand proposed the following problem to the Pans Academy of 
Hciences ’•^Knowing that a material particle under the action of a central force 
always describes a conic, it is required to find the eocpression of this force.”* 

Bcfoie presenting the solutions developed by Darboux and Halpuen, we 
shall give an exposition of the geometrical method by which Newton treated 
the same problem 

Li the Scholium to Proposition XVII, Liber I, of the Frincipia, Newton 


^ Comptes Jiendu% Apiil 0, 1887 
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derived the gcnoial oxiiioss.oii for the force whicli w.ll cause a l>‘‘>iK-le to 
desciihe a conic section, the ceiitie of foice occupying any internal point 1 h(> 
demonstiation given hy Nkwton deiieiids upon several pieceding piopositions, 
a moie direct hut similai solution of the same piohlem has l.ecMi published by 

Prot'kssok CtIAISUKK in the -ZV'oZ/ecs, A ol XX XIX 

This investigation is as follows Let 0 be the centie of tin' ellipse, 
P any point occupied by the paiticle, q the point occupu'd by the paitiele at the 
next instant, P^ the tangent at I\ PG <hainetei tliioiigb />, rPthesenii- 
conjngate diameter to PG, 0 the centie of attiactioii, QH a light liiu‘ paialkd 



to OP, OZ and GV peiiieiidiculars on the tangent from O and (\ l*F the 
peipendiciilar on (JJ) fioni P, QP the jierpendieiilar from Q on OP, Qr ami 
OM peipeiidiculars on PP from Q and 0, r tlu> iiitm-sectioii of Qi with OP, 
% the mteisection of OM with GP, and li the re((uir(‘d foici* tending to O. 

Then we shall have' 

/,* = , ( 1 . 


where h denotes the areal veloi itv 
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By the similai tiiaiigles QTx and PMO, 

QT _ FM 

Qx ~ OF 

By conic sections, 

Fu Go ~ OF'- 

And fiom the figure, 

Fo _ Fo _ Ft _ OF FM 

(^~ Fx~ OF ~ FF OF 

Therefore by (3) and (4) we find 

^ GIF FM 
QS Go UF^FF of 

hi the limit Qx= Qo , and hence (2), (3) and (5) give 

(J2'^ _ 2CTP /FJIIV 
QlS ~ FF [of) 


Substituting in (1), we obtain 


//^ FF f OFV 

OF^ gIfKfm) 


h}_ //>A'Y 




which IS the requued law of force. 


(2) 


(•0 


(I) 




( 0 ) 


(J) 


§4 AnalyUoal Solution of BeitimuVs Frohlnn BfMid on, that 
Develoyiod hy Darbonx ; Solution of Ilalphen 


The equations of acceleration are, 


d^x T> / 

mr = -li- = -it cose 
ar r 


dt^ r 


(3) 


where R is the attractive force, at unit distance Multiplying the first by — y 
and the second by x, and adding, we get 


dt^ ~ ^ 


(2) 


d}/ dx 

3r - ‘ 


dt 


On integrating we obtain 


(3) 
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ANALYTICAL SOLUTION OS' BEETEAND’S PEOBLEM 


Ie polar coordinates this equation becomes 

,de 


2— = h = double aieal velocity , 


Let us now put 


10 = 


X = 


dt 

1 


(0 


and then 

» ' 

dx __ 

It ’ dt 


P dt 




By equation (4) this becomes 

dx f ( 

= —A a 
dt \ 


&m6+cobd ) 


= _7iVfaco&6+co&6 


iW 


dh, 

de^ 


Biom (7) and (1) wc get 


p/ ,Pi>\ 

7*- - 


('•) 

(7) 

(«) 


wheic the cciitic of foicc ib tit the oiigiii 

This equation is peifectly gcneial foi the detei inination of Ji wIk'M llie 
equation of the path is known To get the ceulial foui', /i', wliieji tvill e.uise 
a paiticlc to desciibc any given iiatli, we find the v.iliie of f<» 

path, and multiply it by ^ Thciefoie, to find the l.iw of /i, when the p.itli 
IS a conic section, we have the geiieial equation, 

(ix^ + 2hxi/ + oj/^ + 2dx + 2/// = (/ (^0 

Putting ^ tiansfoiming to polar coordin.itcs, \vi‘ h.i\e 

a GOh^e , 2i sm 6 cos 0 < bin^ 6 2(Uo^e 2/_siii 0 

P~ iP P li >1 

fiom which wc obtain 

U = ^ + 1 >1 (y^+t.g) uipe + 2 ( fd-tp/) sin g cos 0 + {<P+i"/) cos '0 (10) 

This equation i educes to the form 

II = A sin e + IS cos^ + y/a~hm20+l) cos2^f // , 


where 
A 


a ^ a ^ ^ 


r/- 1“ ff// “f / “ I f y 
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Fiom (11) wc derive 


cl'^‘1 _ -Abva.e-BcQAe-C^-D°--{Csm26-\-Dcof,2ey-2II{Cm\2e+D(iOii26) 
iW {C sia26+D aoi>26 ■fWf^ 

Tlieiefore by (8) we get 

~ ? (^Cbii\ 26+D coh2e+My^ 


This IS the general expression for It whatevei be the constants a, h, c, d, 
f and g 

Since by (11) we have 


u — A bin 0 — B cos 6 = V C biii2^ + I> cos 2d + H , 


we may wi iU‘ (13) 

_ Id {IP-C'--T)^) 

— 71 7J y ) 

I — A sill 0 — B cos 6 j 


(14) 


wbieli IS anotliei geneial expiession for It 

When the conic is an ellijise with the origin at the centre, equation (9) 
t.ikes the form a.i? + rtf = ac, and from (13) oi (14) wc find after reduction 


The force vanes directly as r, which is the well-known law 
Wlum the ceiitie of foice is on the x-axis betweei'i the centre and one of 
foci at a disbuiee vt fioiu the centre, equation (9) becomes 


and we find from (13) 


fix^ + 2am X = a , 


(rrr)^/3 

[ (a — c +• cos-^ ^ 


( 16 ) 


Since a — r + nd is always negative, the force at unit distance is a inaxi- 
miim in the dnection of the apsides and is a minimum when ^ — \ We 
have fiom (14), in this ease, 

a (c — nd—mmy 

This expression can readily be transformed into (16) 
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ANALYTICAL SOLUTION OK BKirFKVNDS IMiOlUJ^IM 

When the oiigiii ih at one of the foei {Vi) oi (II) j;i\eh 


it ~ " y f 

r (t 

which IK the Newtonian law 

This IK alho tleducihle fioin (K)) hy iniUm^ iiV - - c — a 
When the centie of foice iK on the .T-ii\iM helwi'en one of the foi i and 
the neaicKt ajiKe, at a dihtanee ii fioni the eentie, we obtain lioin (1-1) 

7,> = , (l‘>) 

^ /-s [( 7 ( - t +//-J ' 

IK alwayK poKitive, the l‘ou*(‘ at unit (hst.uu e is .i in,i\i- 
nuim when 0 = 'I , and a ininiinuin <d the .ipsidi'K h’roin (11) it is (‘<ik\ 
to obtain 


which may he Iraiisfoi nied into (Ih). 

When the eeiitre of foiee is on tlu‘ iniiioi <i\is ,it a (list. nice / fioiii the 
eentie, equation (l-‘{) jj;iveK 

/> _ (lit) 

* ” r [{ft t A “) I (hsVy I t 1' 

a — <; — IK always nefiative tiu' force at unit distance is a inaxiiiiuin 
when 0 = (), and a uminnum when 0 ^ In this case we olitain fioni (11) 


Ii 



f 


(C 




I 


When the ceiiti(* of foice is witliin the tdhjise, at a ilistaiu'e }> from the 
;iy-a\iK, and q fioin the .e-a\iK, wc ^et fioin (Id) 

li , , , , (2;!) 

bill 0 coh (ft f* 7“ ^ I* ') ^ ^ ' /^ ' 1 


which hccoines (19) when — 0, and (21) wiien }> 0 We also obtain from 

(14) 

It = IMh' 

(<u —djl^—aq^ iqij rl/i.iy*’ 

which becomes (20) when q = 0, and (22) when />=.(), 
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The foregoing values of R arc real and positive, and rejireseut all the laws 
consistent with the obscivcd motions of biiuiry stars 

It may be interesting to note that when the centre of foice is at one of 
the apsides oi at one end of the minor axis, our geneial formulae (13) and (14) 
give indetci-minate lesults. In this case wc take the e<|nation of the ellipse 
with the origin at the end of one of the axes, tuid calculate li by (8) When 
the centre of force is at the apse, we obtain after reduction 


A' Vi 

’ a co8®^ 


( 25 ) 


When the centre of force is at the end of the minor axis, we (ind 


h- it, 

" « sin*0 


( 26 ) 


111 both of these eases the origin is taken in the positive diieelioii from 
the centre of the ellipse, if the other ends of the axes be chosen the signs of 
(25) and (26) will be reversed 

When c = a in (25) or (26) the conic becomes a circle, and t.he expression 
reduces to the well-known law 


Jl 


r* 


( 27 ) 


The exjiression for the force at external points may be derived in a manner 
entirely similar to that for points within 


Sol'utiofi of Haljthen 

Let 071 be the mass of the central body, and R an nnknown function of x 
and y Then wc have the ec^nations 


M 







( 28 ) 


R is to be determined by the condition that the orbit of the particle is a 
conic section Let 

where a is an unknown function of x and y 


* Tissekakd’s Mecamque Celeste^ Tome I, Cap I, wheie the original solution has been somewhat modified 
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A.tTALYTrOAL SOLUTION 0¥’ BERTRAND’s PROBLEM 


Fioin (28) ciiid (29) wo obtcUii 

dx' 



(.{()) 


By tins equation wo have 


M/ > 


' //) = + K 

^ dx 


dF 


OF 

'Olj 


OF , OF 


(.‘51) 


Wo now piocood to find tho diffoiontial oquaiiou winch is connnoii to all 
eoiiicb The geneial equation of a come has tho form, 

+ 2B%i/ 4- + 2Fx + 2Gy + IT = 0 , (.‘52) 


111 which thoic arc five aihitraiy constauts Taking x as tho ludopondoiit v<ui- 
ahlo and difforoiitiatnig fivo timos ui succession we have, in Laoiiancje’s not.dion, 


Cyiji +B(i //+ y) +Jt+ Gi/i +F= 0 ] 

G (t/if" ^ + 7>(-r //'•+- 2 //') + J -h ff//' =0 / 

h- cy'^ = o I 

0 (ui/"' ^ Otf =0 j 


We now have to ohmniato the fivo constants m (32) and (33) Wc' notiei* 
that the last thiee equations of (33) aio hoinogoiieous, contaiumg only the tin ee 
constants C, B and G, and wo can olmuiiato thorn hy equating to zeio the 
determinant 


A 



yi/" + Si/i/' ii/'^+3i/' y'” 

yy^'' +4.i/i/"+3i/'^ 7y"'+iy”i y" 

i/!/'' +5!/T+WY' +5>r y'' 


(.‘51) 


By elemcntaiy piinciples of Dotoiminaiits equation (31) reduces to 


A = 


0 3/ y'" 

3/' 4y"' //"' 

lOy"' >r 


(.‘5.5) 


Expanding (35) and rotuiiung to the chffciontial notation, we have* 


'ii 

\dQi}j d 


_ 45 •p, p + 40 

ch," dj^ ilx* 



= 0 


(3(,) 


This IS the geneial diffeiential equation of a conic section We now 

d^j/ fj 

calculate ^2 from the lelations expressed in (29), (30) and (31) 

We have 
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thei ef ore 


or 







(37) 


Since tlie force is central, by the law of areas, {x'lj — y'x) is constant. 
Therefore we derive 


ti = a;,- 


dx^ 

dJ^ 

dhj 




x'’’ = ('i-'y— y<i) ~ ~ 3«"i '^ + 




/d 


dhf 

w 

+ ~~~ (105/r/'*-r' — 1 ()/u ' ^) + 45/r^/ 


\dt ) 


0^8) 


Subistilutuig tlusse vdliiCiS in (J{G) and reducing, wo olitain 


0//-» 


iVu 

df^ 


d^it , 

“3< 


) 


[)id 


i/n 

</f 


(39) 


Putting n — 10 ni which w is a function of x and y, (8h) reduces to 


d‘u) ., dll) 

— — = 

dt^ dt 


(40) 


When we reinembei that 

d%' 


di/ 


= iiir''^i and 
dt dt 


= iju)-^'^ , 


and that w is a function of x and y, we get 


dm , "dw , , "dio 

di® 0*® -y <»//■* ■'^ ci// 


+ W 3/2 H- 3m;-®/ 3 (•B'y+y'./) 


dxdij 


+ 3«;-®^3 


dho 


+ yy' 


'd%) \ 

w) 


— } W“‘^3 


^cca;' 

/ 'dm . dw\( ,d%v . ,' 9 //; 


( 41 ) 
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AJTALYTIOAT. SOI UTION OI’ BERTHA-ND’S PROBLEM 


hiibhlitiitnig these' values iii (-10), we obtain 

3V . 




H- ] 


+ 1 


■ 5/2 


„ I <>^ir , (>^u' 

6^-/r 


fJxrJlf^ ' ()tl 

<)\( / c){r , 


\ <>u 

) ~ 


v' rfi 




t>/ ()ij 


Oii\ ()h ^ ~c>ij 


5 


(1-0 


This oqiuilion holds tiue whdtevei he the value of and henec when // = (), 
in which case cc, y, x\ f/ may he any foiii c|uantities miiliuilly iiidepeiulent of 
one anothei Then (42) gives the following equations 




= 0 


Ohn 

dx^l 


= 0, 


c)'^w 


= 0 


(Pm 

()(/^ 


= 0 


m 


2m 


2w 



?)i0 

()i' 


+ 


f)W 

Ihf 

()w 


()w , 


= 0 
= 0 


(H) 


"VVe obtain fioin 
/j 9^ K 


(43), when wo denote the arbitraiy constants by />, /, 
m = + 13///// + / ly^ + 2/; + 2f/// + /( (15) 


Foiming the diffoientials and substituting in (4J), we obtain 

71/ + {/f—f»i) '/■ + (/■*—"/') ' 4( fij—hli) ij = 0 
+ (<7fj — "t (/i/— Wi.) / + (<7 — '^0 '/ = 


Since these equations hold tine foi all values of x and //, we (iiid 


ff// — hf = a , h(j — if = () 


( 47 ) 


— oh = 0 , q- — 6/5 = 0 , fij — hh = 0 (48) 

From (48) we have 

ih{((q—bf) = 0 , </h9>il—(t) = 5 ( 49 ) 

Then, if none of the quantities/, cf, h vanishes, (47) follows fiom (48), 
and it IS sufficient to verify the lattei 
"We may write (45) in the form 

w = ^[,{fx+qy+hy—{f^—a,h)a}—(^^—ch)\/—2(Jg—hh)xij], 


( 60 ) 
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which, in consequence of (48), becomes 

_ (/f+, <;?/+//)•* 

“ h 

Therefore, since we have by (29) 

if = ■■■ , I ^ I T M } 

(/<+ 7'/+^0 


(51) 


(52) 


which is an expression for the force sought When // = 0, (48) leads to 
f=Q and g = 0 In this case we have 


fioin whicli we get 


w = tir- + 2hri/ + ci/^ , 


li, 


1 

(«/■“+• 26 + 


(5;h 


(54) 


This is anotlier expression for the force, whai.ever he Ihe constunts a, h and c 


When f = 0, (47) and (48) give 
which n = 1) 

In tins case wc get from (50) 


(ig = bg ■=. ah — hh — 0, 


f/® = ("7/, from 


(yy+A)^ 


(55) 


which gives the same result as (52), when _/=() 

Thus there are two laws of force, and only two, winch answer the question, 
but the forces and contain lioth the radius vi'ctor v, and the ])olar angle 


Q = tan"'- 

T 


If the forces depend upon r alone, as is natural to supjiose, we should have 
in i2], f = g = 0', and in i? 2 , a — c and 7» = 0 Then wc find 

if, = inr , = p (56) 

The first of these laws is excluded hj'' observation, the second is the law 
of ISTewtonian gravitation. 
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TIIEOKT OF THF SPECTROSOOPIO DEPERMINATIOK 


§5 Theory of the I>eterm%nahon, hy Means of a Single S^tecti oscopic 
Observation, of the jLbsolitte Dimensions, Parallaxes and 
Masses of Stellar Systems whose Orbits are Known 
fr orn Micrornetr ical Measurement * 


Recent reseaiches on the orbits of double stars have led me lo dc^elop 
the suggestion, fiist thrown out hy Tox Talbot in 1871‘f and since soniewhal, 
vaned by otheis,J for determining the absolute dimensions, jiai allaxes and masses 
of stellai systems by speetioscopic observation of the lelative motion of the 
companion in the luie of sight A simple and general theory of this motion may 
be derived from the application of the hodograph of the ellipse, and lieiici' we 
shall now investigate the natuie of this euive 

Let X, y be the coordinates of a point in the elhjisc, x' rf those of the 
corresponding point in the hodograph, then wo shall have 


_ 


It 


_ ^ 

di* 


( 1 ) 


Suppose M to be atti acting the mass in the focus of the ellipse, and ltd r 
and d be the polar coordinates of the particle moving in the orbit, and wc' 
have 


_ ilfr 
dH 





M 


Bind 


( 2 ) 


By the piineiple of the conservation of areas icsultiiig from ceiitial forces, 
we have the equation 


.de 


= double aieal Telocity = C, 


or 


and hence 


' - ‘^dd’ 


d=i: Jf ^ d9 


If we integrate we obtain 


M ^d9 

dF = 


(•‘5) 


da , M 

-+« = _-sm( 


*A<itionomiaLhe Naohnehten, No 83 U 


dy , , ,M 

^ + b = +-COS0, 




t Report of Bntish Association, IS^l, Part II p 34, Cleeke’s ‘-System of the Stais ” n 901 n„,i .-tT * 
of Astronomy during the 19th Century,” third edition, p 407 ’ ^ 
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where a and h are the aibitrai’y eonstaiits of integration. But since 


sin^ = - , cos 0 = - , 

j 1 ’ 


we find 

de , M > 

- — ~r cb = — — - 
d< C r ’ 

By moans of equation (1) we have 

, , My 

x' + a = — - 


^ I ^ i 


0 


and on squaiing and adding we obtain 


{c^’+ay + iy-+iy = - , 


; a. 7 , M 1 

y> + l = 




(^) 


(6) 


which shows that the hodograph of the ellipse is a circle of radius ^ 

The following geometrical proof will render the ajiplicalion sonii'what more 
intelligible 


p' 



In the figure let F'pA be the ellipse described by the particle p, PA 
being the major axis, and P and F' the two foci Let yjfT be the tangent to 
the elhpse at p, and let the perpendicular from the focus upon the tangent be 
denoted by FQ Then by definition the radius vector of the point in the 
hodograph is parallel to the tangent pT and proportional to the velocity at 
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THEOKT OP TIIE SPBOTPOSCOPIC DETBRMPN'ATION 


the laoiiit p It is well known from the law of the conservation of areas that 
this velocity is always inveisely as the peipendicnlai FQ, oi diiectly projior- 
tional to the length of F'Q'. But the locus of Q or Q' is known to be tlie 
au-viliary ciicle desciihed upon the majoi avis as a diametei Therefoie we see 
that the hodogiaph is of the same form as the locus of O', but since tlie jioint 
jy in the hodogiaph is on a radius vector parallel to 2 ^T, its situation relative 
to the focus F will always be 90° m advance of Q 

The shape and situation of the hodograph relative to the ellipse is shown 
in the figure Thus, when p is in periastion the point of the hodograph is in 
the direction peipendicular to the major axis, and at a distance piopoilioiial to 
F'Q', which IS then equal to F'P, and similaily for other points of the orbit 
Tor the sake of clearness we have made the hodograjih in the figure of the 
same size as the auxihaiy circle of the ellipse, but if the ladius vector iii the 
hodograph is to represent the velocity in the ellipse the scale of the hodogi ajih 
ought in leality to be greatly i educed 

If the orbit of a double stai is given wo may at once eonstruet the form 

of the hodograph, the position lelative to the ellipse being the same as in the 

pieecdiiig hguie Moreover if the velocity of the companion about the eeiitr.il 
stai IS known in absolute units foi any point of the oibit, we may d(“teiinine 
the velocity for any other point by means of the hodogiaph Foi the magnitude 
of the velocity mil be the length of the radius vector of the hodograph which 
IS parallel to the tangent of the orbit at the point iii question, and can easily 
be computed oi measured graphically directly fioin the diagiain 

TV^hen the elements of a binai'y aie laiown, we may detennine the com- 
ponent of the velocity m the hue of sight as follows Suppose p to be the radius 

vectoi of the point m the hodogiaph, and co to be the angle made by the radius 
vector p with the ascending node, and therefoie identical with the angle made 
by the tangent to the orbit with the line of nodes, and let % bo the inclination 
of the plane of the orbit to the plane tangent to the celestial sphere ^1ieii 
we evidently have, as the component towards the eaidh, 


K == psinwsiiii 

The angle % is an element of the stai’s orbit and is known, the angle o) 
can be computed fiom the theory of the ellipse, or can bo determined diicetly 
from the diagram; and when p is known in absolute units the component in 
the line of sig'ht is perfectly determined. 

We shall now show how to compute a, and p for any given mbit. The 
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radius vectoi of the star r and the true anomaly ii must be computed by the 
usual process, and then we find the radius vector with respect to the other focus 

r' = 2a — r , 

and we have the ang^le y by means of the equation 


The angle xfj between the radii veetores drawn to the two foci is evidently 
equal to — y, and hence 

xf/ __ V 

2 2 ~ (9) 

It IS also easy to see that q>, the angle made by the tangent with the latus 
rectum of the ellqise, is given by 


qi = „ - 

When the value of q, is determined, it is clear that 


( 10 ) 


0 ) = X + 90” + q = ?> + A + 90° — ] i/r , 


( 11 ) 


so that we easily find the angle of the radius vector p from the ascending node 



We may compute the length of this radius 
following manner Let the radius of the circle 


vector in the hodograph in the 
be denoted by a, its value being 
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• THEOET OE THE SPEOTEOSOOPIC DETEEMESTATION 


supposed known m absolute units, the linear eeeentiicity will be ae, and wo 
shall have 

= p^+ « V — 2p ae cos qi , 

on solving for p we find 

P = « [« cosg)+ Vl— 6® sm^qr,] ^12) 

Thus when a, the radius of the hodograph, is known in absolute units, we 
are enabled by means of (11) and (12) to pi edict the motion in the line ol 
Bight for any instant whatever 

Now suppose we determine the relative motion of the eonipanion in the 
line of sight by means of a modern Spectrograph such as tliat at Potsdam, 
this will give us results freed fiom the effect of the proper motion of the system 
in space, as well as the secular motion of the sun and the oibital motion of 
the earth. Then by equation (7) we have 


p 


K 

smo) sini 




( 1 . 5 ) 


in which K is furnished by spectroscopic measurement, and w and i aie found 
from the oibit deduced fiom micrometrical measures. 

A single obseivation therefore gives us the absolute velocity in the oibit, 
and this fixes the scale of the hodograph For since we have 

p = (i[e cosg)+Vl— e^sm^gi] , 

and e and qo aie known, we may determine the radius of the hodograph by 


a = 


cos giH” Vl — e^sin^g)] 

o^®®i^‘‘^tion, we get the absolute value of p by 
(13) and of a by (14), and we may then predict the value of ,c in absolute 
units foi any time whatever In practice it will be desirable to measure the 
motion in the hue of sight when the function k is a maximum, in order that 
an e^- in ic may have a minimum effect upon the radius of the hodograph 
men a IS thus determined in absolute units, the problem arises to find the 
absolute dimensions of the system, the masses of the stais, and their distance 
lom the earth Suppose we choose two epochs separated by a convenient 
n eiva o time, say a year or a fi actional pait of a yeai, when the companion 
IS near apastron, and the velocity changes slowly. We shall denote the radii 

luded elliptic arc can be expressed rigorously only by means of an elliptic 
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integral, but as the evaluation of this integral would be inconvenient in practice 
and for a short arc unnecessarily exact, we shall determine the length of the 
arc by meehaiiical quadrature Thus we have 

9 

=- J P At = p , 

where p is the average velocity of the interval, easily deduced from the liodo- 
graph If the interval is short compared to the time of revolution, so that the 
aic may be put equal to its sine, we shall have apjiroximately 


or 


^•l + ^2 
2 


sin = p(f,-f,) , 


+ ? 


2 


fe — ^l) 

?jj) 


Now Va and Cj arc known true anomalies 
of the major axis by the polar equation 


, and Vi and /‘a given in unils 


a 1 + e cos a 


Hence, with and thus expressed numerically, wc find 

^p 


a = 




(ir>) 


Here the interval 4 t\ must be expressed in the same units as p, pre(“- 
eiably in kilometres per second. The length of the major semi-axis of the orbil 

IS thus found m kilometres, and the absolute dimensions of the system arc 
determined. 

The parallax of the system is equal to the major semi-axis of the orbit in 
seconds of arc divided by the major semi-axis in astronomical units; or the 
distance of the system from the earth is equal to the major semi-axis in astro- 
nomical units divided by the sine of the angle subtended by the major semi- 
axis in seconds of arc; thus 




a 


Sill cfc" 


(16) 


If denote the combined mass of the system, M^vi the combined 

mass of the sun and earth, a the nmior semi-axis of the orlnt of the companion, 
and P the period of revolution, M the distance of the earth Irom the sun and 
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VIGOROUS METHOD EOR TESTING 


T the length of the sideieal year, we have, by the well known extension of 
Kepler’s law 

= -p-AM+m) ^ (17) 

If as usual we put = 1, and T=\, and expiess a and 

P in these units, we find 

Ifi+JIfj = p, (18) 

wheie the mass of the system will he expressed in units of the combined mass 
of the sun and eaith The mass of the system is thus determined absolutely 
In conclusion it seems propei to add that this mvestigation was stimulated 
by an elegant pioof of Me, F E Moulton, that the aberrational orbit of a 
fixed star is the hodograph of the ellipse in which the eaith moves, and there- 
foie a cucle. The idea brought out m Mr Moulton’s pioof caused me to 
revert to the motion of bmaiies in the line of sight, and hence no small jiart 
of the credit is due to him for the mteiesting application of Snt W. Ji Ham- 
ilton’s hodograph given above 


§6 Szgototis Method f 01 Testing the JJnivei sality of the 
Law of Gravitation * 

It remains to considei how we may use the foiegoing results to test the 
law of Newton It is evident that the law of gravitation can be tested by 
companng the observed with the theoretical motion of the companion in the 
line of sight We may choose a system whose orbit is accurately known and 
whose stars are suitable for exact spectroscopic measurement of the component 
k; we then determine fiom one or more observations at a suitable C])Och the 
absolute dimensions of the orbit, as explained in the preceding tlieory, and 
predict the motion in the line of sight for other parts of the orbit, perhaps for 
a whole i evolution If we then determine by spectroscopic measuicnient the 
value of the component k independent of any theory, and find that the Iheo- 
retieal results are confii'med by actual observations, we may consider the result 
a diieet obseivational proof that the force which retains the eomiDanioii in ils 
orbit is Newtonian giavitation 

For we know from micrometrical measures that the areas described by tlie 
radius vector of the companion are proportional to the time, and therefore that 


onom%sche Naclinchten No 3314 



THE UNIVERSALITT OE THE LAW OE CRAVrTATIOX 


37 


the force is central, and the observations of 42 Comae Berenwei^, wliosc motion 
happens to be in the jilane of vision, indicate that the oibit is a plane cinvc 
The motion being in a plane and the force being central, wo must be able to 
show that the principal star is m the focus of the real ellipse. This can be 
done if we can show by spectroscopic observations that the inclination and node 
resulting from the theory of gravitation account perfectly for the motion in the 
line of sight. 

We therefoie assume the law of gravitation in deriving the elements of llu' 
orbit and in predicting the motion in the lino of sight, as heretofore explained; 
specti oscopic observation will enable us to test the results of theory experi- 
mentally If the theoretical results are confirmed by observation throughout a 
revolution — thus showing that the node and inclination are identical with those 
resulting from the theory of gravitation — wo may regard the observations as 
giving a diiect and ineontestible proof of the validity of the law of Newton 
in the stellai systems 

If we desire to ascertain whether any other inclination and node — in othei 
words, any other law of force — could give rise at every ])omt of the orbit to 
a relative motion in the line of sight identical with that lesulting from the law 
of gravitation, we may proceed as follows. Suppose that some other inclina- 
tion and node and orbital velocity be possible; they will differ by unknown 
quantities from those values resulting from the theory of gravitation, and wo 
shall have the relation 

p sinisinw = p'sm(i+y) sin (w+S) 

By expanding and reducing we find 

p = p' {cosy COsS + COSy coto) sin 8+Sllly cot i COS8 + smy SmS cotfc coto)} 

But we observe that w is a variable angle depending on the position of 
the body in the oibit; and since <u = 0, or w = tt would lender the cotangent 
infinite, and p is known to be finite for cvciy point, (the two bodies never 
come into contact but are always separated by a certain distance), it follows 
that those terms depending on cot w must vanish, or 8 = 0, and the line of 
nodes becomes the same as that resulting from the theory of gravitation. Our 
expression thus takes the form 

p = p'(cOSy+Sin-y coti) = fj' K, 

where IT is a constant 

Therefore, if the inclination differs by y from the value given by the theory 
of gravitation, it will follow that the velocity at every point of the real orbit 
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mubt be multiplied by a constant factor But since no alteiatioii of the incli- 
nation can change the radius vcctoi at the line of nodes, it follows that at 
these points the oibital velocities would necossaiily be the same howevei the 
inclination might vaiy And since we have seen that the lino of nodes is 
identical with that given by the theory of giavitation, wo conclude that the 
velocities in the oibits could not differ throughout by a constant latio nonce 
it IS evident that cosy -j- sin y cot i = 1, oi y = 0, and the inclmatioii is 
identical with that resulting fioin the theory of giavitatioii It follows thcre- 
foiethatno othei conceivable law of attraction could pioduce the same lelative 
motion in the line of sight as the law of inveisc scpiaios Consecpiently i( 
obseivation shall give foi cveiy point a i dative motion in the line of sight 
which accords with theoiy, we may confidently conclude that Newtonian giavi- 
tation IS the force which retains the stars in thou oibits 


§7. On the TheoieUcal Possibility of Detei mining the Distance)^ of Hfai- 
Clusters and of the Milky Way, and of Iniiestigatmg the Struclaie 
of the Heavens by Actual Measurement * 

The piactieal pioblein of measuring the parallaxes of the fixed stais is 
one of the greatest of modem Astionomy, and has been solved hcrotoloie very 
imperfectly. The quantity to be deduced is so vciy small that accidental and 
systematic errors often wholly obscure the clement desiied, and render tlu' 
probable errors of most of oui pai allaxes painfully largo compaicd to the niinnlc 
quantities sought. Moreover, the method of relative parallax, which is the only 
one in general use, aside from its theoretical inaccuracy, is encuiubeiod with 
many practical difficulties, the chief of which is in finding suitable comparison 
stais; and hence not a few astionomers have practically abandoned hope ol‘ 
determining the distances of the fixed stars with any considerable degree of 
precision None have felt these difficulties moie keenly than those astronomers 
who have attempted investigations requiring exact knowledge ol the masses 
and dunensions of the stellar systems At the present tune the only pai allaxes 
of bmaries which lay claim to any considerable precision are those of a Ceuta wi i 
(0-75), a Cams Majoris (0-38), 70 Ophiuchi (0-162), and y Gassiopeae 
(0-154) To this list we might perhaps add a few speetioscopie bmaiies 
whose parallaxes have been investigated, but even th en the number of systems 
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would remain very small, and altogether insufficient to support any sound gen- 
eialization lespectmg the masses and dimensions of binary stars as a class. 

If we consider single, instead of double stars, it will be evident that while 
a much laiger number have been measured for parallax, and in a good many 
cases reliable values have been derived, yet in the majority of instances the^ 
divergence of results obtained by different observeis, may faiily be taken to 
indicate that our knowledge of stellar parallax is still very limited; and owing 
to the small dimensions of the earth’s orbit, very little hope has been cntci- 
tained of material iinjirovement in time to come. 

The method which we have developed in section 5 is full of piomise for the 
case of binary stars This method is theoretically ajiplieablc to any pan where 
the components have an angular sejiaration of O'' ] , and a single application of 
the spectrograph at a suitable epoch gives us the absolute dimensions, mass 
and paiallax of the system 

As 0" 1 IS about the present limit of exact micrometrical or hcliomctrical 
measurement, and as this angle would correspond to the paiallax of a fixed star 
at the distance of 36 light-years (eight times the distance of a Cmtam i,) we 
see that all smaller pai allaxes determined by methods heretofore in use must 
necessarily remain very uncertain On the othei hand the spectroscopic method 
will apply satisfactorily to much moi e distant systems — to pairs which have 
an angular separation of 0"1, and where an observer by the oidinary 
method would find that our sun bad a parallax of this amount This is equiv- 
alent to using the major semi-axis of the stellar oibit for a base line instead 
of the mean distance of the earth from the sun ; and thus the parallaxes deduced 
by the spectroscopic method might be as much smalloi than 0".l as the major 
axis of the stellar orbit is larger than that of the earth, provided of course 
that the combined mass of the stars is gieat enough to give a relative motion 
of the companion in the line of sight which can be measured with the desired 
precision. 

Thus, by the usual method the paiallax of a Gentaun would be just meas- 
urable at the distance of 36 light-years, and would amount to 0" 1 , and as the 
major semi-axis of the orbit would there subtend an angle of 2" 2, the speeti o- 
scopic method could be applied at 22 times that distance, or when the system 
IS removed from us by about 800 light-years. Of couise we can never hope 
to measure the distance of a system so remote by the ordinal y method, since 
at the distance of 800 light-years the parallax would amount to only 0".0045 
If the mass and dimensions of the system be laiger than those of a Gentaun, 
the specti oscopic method would enable us to measure a paiallax correspondingly 
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smallei. While at piehciit little is known of the magnitude of binary systems, 
it seems piobable that in some cases at least the masses and dimensions will 
much suipass those of a Cental t It is theiefoic piobable that it will occa- 
sionally be possible to deteimine the distances of systems icmoved fioin us by 
several thousand light-yeais 

The piesent state of Astionomy does not peimit us to make a confident 
asseition with legaid to the distances of the clustcis oi of the Milky Way, 
but it seems exceedingly piobable that both aie veiy lemote In each of these 
species of stellai aggregation theie exists a consideiable but unknown iiinnbei 
of binaiy stars which can be detected with oiii piesent optical means Thus, 
Burnham has scaiched for double stais in scveial of the gicat noithciii clus- 
ters, such as P/aebepe, the Pleiades and the gieat clustcis m Perseub, Ilerruleb, &c 
(Publications of Lick Obs , vol II pp 211-216), and discovered a number of 
pans which piomise to be physically connected He obseives that inteiestniii 
stars aie apparently more fiequent m wide clusters like the Pleiades, Piaesepe, 
and the gieat cluster in Perseus, than m the moie compact clustcis like th<il 
in Hercules Yet he has discovcicd an impoitant pair in this dense glolmlar 
cluster, and Sir John Hersoiiel has likewise detected double stais of spc'cial 
inteiest in seveial of the gieat clusteis of the southern hemisphere It is not to 
be doubted that many moie such objects will be detected when the clusteis gen- 
ei ally aie ciitically examined iindei the poweis of oui gieat modem icliactois 
When the oibits of these binaiies have been found by exact miciometi ic,il 
measurement, the specti oscopic method will eventually affoid the means for 
detei mining their immense distances, not by probable assumptions but by exact 
computation It is evident therefore that if we are ever to deteimine the dis- 
tances of clusters from the eaith — and no sound ideas of the natuie of these 
masses of stars can be foimed until such deteimination is made — we must fiist 
search the clusteis ciitically foi bmaiy stais, and determine then oibits by 
raiciometiieal measurement If, when the mbit is known, it shall appeal that 
the binaiy has the same piopei motion as the adjacent stais of the group, there 
will be a strong presumption that the system forms a part of the cluster If 
the pan be also of about the same magnitude as its neighbois, and of the same 
color and spectral type, we may conclude with practical certainty that the 
binary is intimately connected with the mass of stars in which it is projected 
Determination of the paiallax of the binary will theiefore give the distance 
of the cluster fiom the earth, and supply all desired information as to the 
^mensions of the cluster, the brilliancy of its stars, their mutual distances, &c. 

m like manner any group of stars m the Milky Way could be carefully 
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seai-ched for binary systems, and some intimate coniioction of a pair with neigh- 
lioiiiig stars shown to exist, a determination of its orbit and an application of 
the spectroscopic method would lead to a knowledge of the distance of that 
part of the Milky Way By extending the same process to all parts of the 
Galaxy it will be possible in the course of time to ascertain the natuio of that 
immense aggregation of stars, and throw light upon the constiuction ol' the 
heavens While the spectroscopic method ajiplies only to liinary stais, it is 
evident that their great abundance and universal distiibution in space will some 
day give a means for determining with precision and ccitamty the actual 
structure of the sidereal univeise 

We must not expect that the immense possibilities here outlined will 
be practically realized at once, or even m the near future, yet giant I’ofiactois 
like the 40-inch Yeikes Telescope will give such power lor sejiarating 
close double stars and foi supplying a great amount of light for the sjiec- 
tioscopic study of faint objects, that an application of these ideas may not be 
found impossible in the couise of the coming century If there be siicctroscopic 
or photographic difficulties, the pi ogress of spectroscopic Astronomy during 
the last thirty years justifies the belief that such obstacles will not continue 
to be insurmountable. The gieat philosophic interest attaching to the foregoing 
method for investigating the structure of the visible umvci sc by exact spectro- 
scopic measurement, instead of by the doubtful processes of gauging employed 
by Hbrsohbl and Struve, appears to be a sufficient justification foi considering 
what IS at piescnt only a theoretical possibility. The history of Astronomy 
shows that it is not always the theories that can bo realized in a decade or 
even m a century which in the long lun exercise the most important influence 
on the development of science. 

§8. Ekstoriml Sletoh of the Different Methodic for Deteivimmrj 

Oihitb of Dovible Staib 

It IS assumed that the law of gravitation governs the motions of double 
stars, and thcrefoie that the oibits are ellipses with the principal stars in 
the foci. From the nature of conic sections the centre of the real ellipse 
will be projected into the centre of the apparent ellipse. But in general the 
foci of the real ellipse will not fall upon the foci of the apparent ellipse. If, 
however, a line be drawn fiom the centre of the apparent ellipse to the piinci- 
pal star and prolonged in either direction until it intersects the curve, the 
result will define the projection of the real major axis. The diameter of the 
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ellipse conjugate to this line will he the pro]ection of the minoi avis Tliiis 
It IS easy to fix the positions of the leal majoi and nimoi axes as seen iii the 
appaient orbit Since all parts of the major axis aie shoitencd in the same 
latio, the eccentiicity of the ical oibit may be deduced fioin the aiipaient 
orbit, by dixiding the distance fiom the ceiitie to the piiiicipal stai by the 
major semi-axis as seen in pi ejection The end of this axis which is iicaiest 
the principal star will be the penastion, that faithcst away, the apastion, tlu' 
dates coiiesponding to the passage of the companion thiough these points will 
give the epochs of peiiastron and apastion passage i esiiectively It is evident 
that only one diameter of the leal ellipse will suffer no shoiteiiing, owing to 
pi ejection, and this is the diametei paiallel to the line of nodes If tioin 
points on the appaient ellipse peipendiculais be diawn to this dianietei, and 
then inci eased in the ratio of cost to 1, we shall get points of the leal oibit 
whose projections give points on the appaient orbit. 

The observations of a double stai aie expressed in polai coordinates, p and 9, 
which give the angular separation of the components in seconds of the aie 
of a gieat circle, and the position-angle of the companion with losped lo 
the meridian The companion is thus referred to the principal star logarded 
as fixed, and hence the observations give the means of finding only the relative 
orbit of one star about the other The absolute oibit of either star about the 
centre of gravity of the system has a form similar to that of the relative orbit, 
but the linear dimensions are reduced in the latio of M^or Jf, to Mi-\- 
where Jfi and ITa are the masses of the stars The absolute orbits of tin' 
stais have the same shape, but are reversed in relative position The ceiiti’c 
of gravity of a pair of stars can be determmed only by the enter ron that the 
centre of g'ravity of a system moves uniformly in a right line, and as most oi 
the systems have too little motion to define this point with any consider able 
degree of precision, owing to the imperfect state of our absolute positions us 
determined by the meiichan circle, it is in general impossible to define the 
absolute orbits oi relative masses of the stars With few exceptions, therefore, 
astronomers ha\e contented themselves heretofore with detei mining the relative 
orbit of one body about the other 

The first method for deterimning the orbit of a double star was proposed 
by Savary in 1827 f Gonnaissance des Temps, 1830) This method is closely 
analogous to those used for planets and comets, in so far as it rests on the 
treatment of four complete obseiwations for the definition of the seven elements. 
The problem is solved by elaborate geometrical constructions, such as charac- 
terize work in pure mathematics rather than the practical processes which must 
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be invoiced by the working compiitei Savary’s principal equation is based 
on the diffeieiice between the sector and triangle, the area derived fioin tlie 
time being equated with an expression involving the pioduets of the sc-mi-axes 
and occentiic angles of the apparent ellipse The method is thus ill adapted 
to the determination of an orbit from such positions as aie fnrinshed by the 
measuies of double stars 

Enoice recast the method of Sayary, from the iioiiit of view of a iiraeti- 
cal computer, and deduced foimulae smiilai to those used by astronoineis in 
their woik on jdanets and comets Rejecting the equations depending on 
conjugate diameters, so much employed by the French geometer, he based his 
formulae on recognized astronomical processes and developed tables to lacih- 
tate their application As Savary had applied his method to ^Uisae Mrijori^, 
Encke was led to illustrate his computations on the equally well-known system 
of TO OpluHchh (Beil'vmr Ast7 ononuseJn's Jah^huch, JS32). 

Sir John Hbrsohel took up the pioblem about 1830, and sought to 
impiove the processes by a graphical method which enabled him to make 
use of all the observational material, and to eliminate the grosser errors of Ihe 
individual observations He was convinced that iii order to obtain orbits of a 
satisfactory character, it would be necessary to correct the angles by an nitei- 
polating curve, one axis representing the time, the other the angle, and that 
the distances must be rejected altogether, except for the determination of the 
major axis He proceeds by successive approximations to deduce normal places 
for the angles, and by gradual improvement of his giaphical results rciideis 
them consistent with an ellipse, and finally obtains a satisfactory appai cut orbit. 
The elements are then deduced by foimulae not very different fiom those 
employed by Savary The method is illustrated by applications to yVirgvms, 
a Oermnoi’um, <t Co7onae Bo^'eahs, ^ Ursae Majo^is, and 70 OpMacln 
Royal Astronomical Society, Vok V) 

While the process of interpolation invented by IIerschbl has been exten- 
sively employed, and m some cases is very useful, I am satisfied that in general 
it IS better to plot the observations dnectly and to make a trial ellipse the 
intcipolating curve This enables us to use both angles and distances and 
secures all the advantage' of judgement which Hersciiel considered so essen- 
tial. It often happens that the length of the radius vector changes with exticme 
rapidity, and as the areas are constant this will imply very great and unequal 
changes in the angular motion; when the angular velocity of the radius vector 
IS so variable in different parts of the apparent ellipse the course of the inter- 
polating curve becomes altogether uncertain Under these conditions it is much 
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better to use the observations duectlj It is also lecogmzod that raod(M'n 
measnics of distance should be allowed an equal oi nearly equal weight in 
the deteimination of oibits 

After Savart, Encice and Herschel had given such an impetus to the 
study of sidereal systems, the woik was earned foiward by Madlki: and 
Villaeoeau, both of whom published a iiumbei of oibits with some iniiior 
impiovements in the processes of computation. 

Exinkerpues took up the subject about 1856, and in the couise of work 
on seveial orbits developed veiy elegant foimiilac and moie practical iiudliods 
than any which had been used befoie His analytical method is maiked by iigoi 
and geneiality, but in the piesent state of double-stai Astionomy is jiot so 
practicable as the giaphical method treated in section 10 

Thiele, some yeais latei, devised an elegant giaphical method whicli 
has many good points, and is much adniiicd by those who aie lucliiK'd to 
determine all the elements geometrically It will be found in the 
N’ach icJiten, Band LII* 

Among the moie recent investigations those of Puopi^ssok Kowalskv arc* 
lemaikable for then extreme elegance and groat genciahty. This nu*lhod, 
depending on the geneial equation of a conic, is all tliat can be desiicd fiom 
a mathematical point of view, and as simplified by Glasenapp has bcc'ii cxtc'ii- 
sively used by seveial computeis The original exposition of the nu'thod 
will be found in the Proceedings of the Imperial TJm'cei hitg of Kasan Ibi 
1873, the valuable modification introduced by Glasenai’p is given in the 
Monthly JSfohcei), Vol XLIX, p 278 

Other recent investigations which aie woithy of special notice include 
those of Sbbligee {Inaugural Dissertation of Schorr, Munich, 1889), and of 
ZwiERS {Astronormsche Nachrichten, Ho. 3336) 

It IS singular that neaily all the methods given above have been developed 
from the point of view of analysis lather than of piactical Astionomy. Burn- 
ham has recently rendeied double-star Astronomy a conspicuous service by 
leviving the method of repiesenting obseivations first employed by William 
Struve {Mensurae Micr ometricae, last plate). This consists in plotting the 
points as determined by the micrometer, and in finding fiom the places thuH 
laid down the apparent ellipse which best satisfies the observations. We have 
used a modification of this method throughout the piesent work, and have dis- 
cussed it in connection with the giaphical method of Keineereubs, which 
supplies the process foi deriving the elements from the apparent orbit. 


*It IS also explained by Pbofessob Hall in The Aitronomxeal Journal, No 324 



45 


kowalsky’s method. 


§ 9. Kowalslcy's Method. 

We shall now give an exposition of the elegant method of Kowalsicy, 
which seems lihelj to be the one that will ultimately be adopted by astronomers 
The general equation of the ellipse with the origin at any point, here taken 
at the principal star, is 

F = ax^ + ihxy + by^ + 2cfv + 2fi/ -I- r = 0 , (1 ) 

which may be reduced to the form • 

->r 2Hry + Bif + 2Gx ^ 2Fy + 1 = 0 (2) 

This equation contains five unknown constants, and hence five values of 
X and y will enable us to determine the constants of tlie ellqise Each obser- 
vation gives one equation by means of the relations 

= /Do cos ^0 J % = 

where the cc-axis is directed to the north-point And hence five observations at 
different epochs will give a determination of the apparent orbit In ])ractice it is 
found that a larger number of observations is desirable, and if the observa- 
tions are sufficiently good, the best results will generally be obtained by a 
least-square adjustment of the residuals. 

When the apparent ellipse is determined, the problem arises to express the 
elements of the real orbit in terms of the constants which fix the apparent 
orbit 

It IS evident that projection does not alter the diameter coinciding witli 
the line of nodes, and this enables us to pass from the apparent to the rc.il 
orbit. The real orbit is evidently the curve determined by the intersection of 
the orbit-plane with the elliptical cylinder whose right section is the apparent 
orbit In the apparent orbit the axis of x is directed to the north-point, but 
in passing to the real orbit we shall direct the new axis of x to the ascending 
node, while the new axis of y will be taken in the plane of the real orbit, and 
the origin retained at the principal star. Calling the new system of cooidinati'S 
X', y', it IS evident that we shall have 

/ = / ' COS Q, — ?/ sin cos i + rJ sin Q, sin t 
xj = i' sill Q + 1/ cos cos / — -'J cos SI i 
z = + y sm i + a?' cos i 
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If we put 2^=0, we shall have the cooidmates of a point in the plane of 
the real oibit Thus our cxpiessions aie simplified, and become equations for 
turning the axis of cb thioiigh the angle Si, and that of y through the angle i 
If we put 

I = j ' cos SJ — //' sm Si cos i , ij = (I sin Si + (/' cos Si cos;, 

in (2), we shall obtain the equation of the intei section of the plane y' with 
the elliptical cylinder, which is the equation of the i eal ellipse Thus we have, 
on omitting the accents, 

A(7 cos Si — '/ sin Si cos i)-* 

+ 211 (t cos Si — !/ sin Si cos i) (i sin Si + // cos Si cos i) 

+ 21(7: sinSi + y cos Si cosi)^+ 2G^(i: cosSi — sinSi cosi) f 

+ sm Si +■'/ cos Si cos j) + 1 = 0 

The equation of the leal ellipse referred to its centre is 




= 1 


(5) 


If we shift the oiigin to the focus, we must inciease x by ae, and the 
equation becomes 


(L-\-aey 


+ 4-1 = 0, 


(<d 


when refeired to the principal star. 

How suppose X to be the angle fiom the node to the penastron, measiiied 
m the plane of the real oibit, then if we turn the axis of x back to the line of 
nodes, the new coordinates are 

a; cos A. + !/ sill A. , — » sinA + y cosX 

By means of these values of x and y, equation (6) becomes 

(7 COS A + 1 / sin A + aey (— r sin A +• // cos A)® 

p 1 = 0 , ( 7 ) 

the oiigin is taken at the focus and the axis of x is diiected to the node 

How this equation is necessarily identical with (4), which also lepiesonts 
the true ellipse refen ed to the same axes Hence, when multiplied by a con- 
stant factor e the coefficients of the vaiiables must equal the coriesponding 
ones in the equation deduced fiom the apparent oibit, so that (7) and (4) give 

* + -p-j = ^ cos^Si -t- if sin^Si + H &m2si 


( 8 ) 
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^ = (y( sin^ 4“^ cos^Si — ^siii2S2) cob-^ 

^ 2 )sm 2 X = (— ^sin2gi-|-£ sm2j24-2i^ cos2j^) cost 
(13 00SA ^ ^1-0 ^ 

€ = G cos Q -b F sin £l 

a °° 

e sill A , ^ ^ , T'r ^ X 

c = ( — Cr siiiSJH-i' cosfi) cos 2 

(I ^ ^ 

c(e^-l) = +1 


oniis 

last 

equation 

gives 





€ = — - ^ , and 

€8 
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N'ow (11) luid (12) give 


e sin X = —i) i^F cos S2 — fi* sm Ji) cos * ; e oosX = —ij (/’ sin Si + G* cos S2) 


Multiplying (11) by (12) and reducing, we find 

psm2X = (i?'-‘sm2Si-<3-‘sm2Si+2i?’ffcos2Si) cosj 

From (10) we have 


(9) 

( 10 ) 

( 11 ) 

( 12 ) 

(i;i) 


2 

1, 81ii 2X = (— /I sm2Q +23 sin2Si +2^rcos 2Si) cos» , 

and lionee 

sm2Si+2(i‘’(?-23^) cos2Ji = 0 (U) 

If we subtract (9) from (8), we get 

S'' „ /oos^X— sm^X eos^X— siii^XN 

cos 2X = 6 :» n > 


and Iho diifoi 
of — ) coh 2X 

r 

wc find 


•once of the squares of e cos X. and e sin X gives another value 
Fqiiatuig these two values of pcos2x, and solving for cos®?,, 

, ( 2 <’^ -/ 3 ) sin^g + (G^-^) Gos'=Si+(i^G- 2 /) sin 2 Si 

cos-i _ cos^a + (G^-A) sm^Si-(i^'G-22) sin 2 Si ^ ' 



48 


KO-wALSirsr’s method 


The forms of the numerator and denominator show that if we put 

P O—F o+p 

cos^t = - , and hence tan-*/ = 2 , -we shall get 




The first member of (9) gives 

('sin^X . eos^XN e“ , 1 

-2- +— 77- = — sin^^ , 

<F ) xr iF 


and theiefore we obtain 


~ sin^X — = (-4 sm^ Q+B cos^ Q —if sin 2 ft) eos- / 


By squaring (12) we find 


— suT^X = (P^ eos^ ft + (?■ siii^ ft —FG sm 2 ft) cos^ i 


Therefore we have 


i = [(P^-P)cos^ft + «?"-^)siu^ft-(Pff-if)sm2ft]cos^i 


( 10 ) 


Compaimg this with (15), we find p ~ hence 


2 = F^+G^-^J+B) 

jji 


[N’ow since 


(17) 


p = P = (F^-B) sm-^ft + {G^-A) cos' ft + (P6'-if) sin2S^ , 


we easily find 


= P^+ G'- - {A+B) - {F'--B) cos2ft + {G^-A) co&2g2 + 2 (FG-H) siii2ft (IS) 

19 


Hence (17) gives 

tanH 


1 >' 


= {F^-G^A-A-B') cos2ft-2 {FG-H) sm2a 


(19) 


If we multiply this equation by sin 2ft, and (14) by cos2S, and siibtiact 
the last result from the fiist, we get 


tan^i 


sm2ft = -2 {FG-H) 
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If we use cos 2ft and sin 2ft, and add the products, wc have 

^^cos2S = F^-G^ + A-n 

Therefore we finally obtain the following set of equations: 

^sm2S2 = - 2 { 1 <'G-Jr), 

!^cos2a = F^-a'^ + A-r>, 

jA 

O +;r| D 2 1 

^ _l_ t a il j ^ j,,,2 f,. _ (j + />•) ^ 

jr jr 

smX = — (A’cosg^ — > 

e cos X = — ji ( 7 ^’ sin Q H- 0 cos ft) , 


( 20 ) 


Those 
any epoch 


formulae enable us to 
by the formula 


(ind 


t<ui (w+X) 


and 

cos/ 


ft, /, yi, e, <1 ; we may then 
K by tan I It! = 1 '* 


find ti at 


Wc find M by Kkclicu’s equation 

M = JS — /' sin K . 


And since — A)> we see that 


and 


n — 



260°(r2— fi) „ _ nf — M 

M, - JI/, ’ “ « ' 


( 21 ) 


Probessou CiiiASKNAPP lias proposed a simple method for cases in which 
good drawings of the apparent ©■rhits have been made, hut it is not desired 
to adjust the results by the method of Least Squares, owing to the uncertainty 
of the data furnished by observation. In the present state of double-star 
Astronomy this method is very practicable, and can be advantageously em- 
ployed in the determination of orbits 
In the equation (2) 

+ ilT'jey + Bt/^ + 2(HA- 2Fi/ +1=0, 

wc put y — 0, and then find the roots of 


Ax^ + 20X + 1 = 0 


( 22 ) 
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GEAPHIOAL METHOD OF KLmKEKPTJES ; 


This may be -wntten 

+ \ =- 0 , 01 (x-'i^) (x-x^ = x^- (a-i+a-^) x+x{i^ = 0 , 

A A 


where ccj and ccj aie the roots of the eq^uation, or the abscissae of the points ol 

the 01 bit on tbe oi-axis. 

Hence, by the theory of equations, we have 


Also 


A = 




A 


- ('*’!+«&) J 


01 


G = 


A (a-i+aj) 
2 


2*1152 


In like manner, putting ic = 0, we find 


By^-\-2Fy\-l = 0, 01 B 


1 




Hence when the coordinates of the mtei sections of the 01 bit with the 
axes of X and y are known diieetly fiom the apparent oibit, we have the 
four constants A, B, F, Q- 

An d the other constant is given by 

Ax^ + B!/^ + 2Gr+2Fi/-hl 
S - ' 

In finding H we must take a point {x,y) such that the product x y has 
a large value. It may be desiiable to take the mean of seveial values oi II 
When all the constants A,B,F,Q,H, have been derived, we find the 
elements by equations (20) and (21) 


§ 10 Qraphical Method of Klxnkerfues 

Suppose a and ^ to denote the lengths of the real major and minor semi- 
axes when projected on the plane tangent to the celestial spheic, and A and 
B to be then position-angles Then we readily find 

cos® (.4— §2) + S2) sec* I = a® ) 

j8®cos®(.B— S2) + j8®sin®(^— g?) see®t = J 
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But it IS evident that the sum of these equations is the square of the 
chord between the veitiees of the major and minor axes, and the squaie 
of the same chord is given by 

{a cos (A-Si) - ^ cos(B-Q,)y+ {« sin (A-Sl) - jS sin (TS- ft)}' i = rt' + 


Therefore we have 


cos (A- Q) cos (B- a) + sin(A- Q) sin (B- Q) sec-* * = 0 , (2) 

and hence 

cos^^ = tan (-4— Si) tan (ft — 7?) (’>) 

This equation determines the inclination when the node is known, as the 
angles A and B are taken directly from the apparent orbit 

If we divide the second of equations (1) by the first, we get 


iV _ cos^ (B—Q,) + sin^ (B—Q,) sec^ i 
“ cos-^ — SJ) + sin-“ (A— Q) sec* t ’ 


and on substituting for sec^t its value, we find 

W _ sin 2 (71 -gl) 
a^/3^ ~ sin2(A— JJ) 


( 4 ) 


In this equation a and J3 are given directly by the apparent orbit, and as 
e IS known, we have also the ratio = !-«' Therefore the only unknown 
quantity is 2Q, which we may determine m the following manner Since the 
left member of (4) is the square of a real quantity, the right member must be 
essentially positive, and we may put 


and since 


we get 



sec 2^ = 


sin 2 (A— Ji) + sin 2(B—Sl) 
sin 2 (A— Si) — sin2 {B— ft) 


tan (A + if - 2 ) cot (A - B) , 


tan(A-l-5— 2S) = sec 2^; tan (A— 7?) 


(C) 


( 6 ) 


The angle ^ is known fi’om its tangent, and hence we easily find Si 
In (3) it 18 to be observed that cos®t is necessarily positive and smaller 
than unity, and hence we have to choose between two values of Si dijffering 
by 180° As it IS thus impossible to distinguish between the ascending and 
descending node, we may arbitrarily take the ascending node between 0° and 
180°, and find t by means of (3) 


cos^i = taii(74— ft) tan(ft —i>) 
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URAPTIIOAL METHOD OE KLINKBEEIJES 


The angulai distance fiom the node to the penastion is denoted hy tt — « 
= X, and is given by the equation 

tan(d— a) = cos i tan X, 


or by using (3) we obtain* 


tan®X = 


tan(jl— Si) 
tan(a-if) 


C7) 


If u denote the argument of the latitude, we have 

V = v + X. = wH-ir— SJ, and tan w = sect tan (6— Q) , 

where 6 is the observed position-angle at the given epoch The latitude 1 is 
givBn by sill I = sin i sin u 

Piom the appaient ladius vectoi p, we may find the conespondmg true 
ladius vectoi by 

j = p sec Z 


The major semi-axis is then found by the polar equation 

» (l+ecosD) 

1=^ 

If we take the apastron as the point m question, I will be given by 


sinZ = sln^ sinX , 


and since p is taken directly fiom the diagiam of the apparent oibit, we easily 
find 7 Then, since ® = 180°, we have 


To find the time of revolution we take two observations which are widely 
sepal ated in time, and find the intervening change in the mean anomaly, oi 
we may find from the diagiam the part of the area swept ovei during this 
interval compaied to the whole aiea of the apparent ellipse If be 

the two angles of position, and Ui and the corresponding aigumenls of the 
latitude, we shall have 

tauwi = sec^ tan (^1— Si) , 

tan 7^2 = sect tan (^2—8) j 


whence the mean anomalies aie easily found. Instead of computing the change 
of the mean anomaly, it is generally pieferable to measure up the area sweiit 

ajid A must lie in tlie same oi in opposite quadrants Th'iougjiout this work /I is taken in the 
ditection of the motion 
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over by the raduis vector during the interval, and determine the peiiod by 
the law of areas 

Suppose that and 4 be the dates of two widely-sopaiated obsci vations, 
then the double area swept over by the radius vcetoi will be 

J ^ dt 
h 

Putting a', h' foi the major and minoi semi-axes of the apparent ellipse, 
it 18 evident that the time of i evolution will bo given by 


F = 




nh de 

/-‘s 


( 10 ) 


111 ease the period is 
we have 


n 


computed 


ilfj- My 


from the change in llie mean anomalies. 



( 11 ) 


The^pcriastion passage is given by T = iy — ^ , oi it may he found from 
the principle of areas, m the same manner as the period. Thus, since the 
tloublo areal velocity is known, wo simply determine the double area included 
between a given radius vector and the pcriastion, and ascertain the intervening 
time. This interval is to be added to or subtracted fiom the time of observa- 
tion, according as the date chosen is befoie or after the epoch ol periastroii 
passage. 

To find the node by graphical constiuction we draw from the cciitic ol the 
ellipse lines whose position-angles are 2^4 and iB j then, pai allels to these at 
distances related as to Connect the intersection of the parallel lines 

with the centre, and this will give a line whose position-angle is 29, This 
construction is easily deduced from (4), and in practice will be found extremely 
exact The graphical method is highly practicable, and in the present state of 
double-star Astronomy is the one which should generally bo preferred. The 
possible inaccuracies of the method are greatly inferior to the uncertainty still 
attaching to the best orbits. The principal difiiculty experienced by computers 
consists in the finding of a satisfactory apparent orbit. 
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^ = 0194, A = 20°5, £ = IST'S, Si = 142° 2 , t = 67° 9, 

X = 103° 1 , n = — 9°0 , P = 40 0yeais , a = 0"290 , T = 1884 10 

To obtain the apparent orbit it is best to make use of both angles and 
distances If the piecession has a sensible effect upon the position angles, it is 
desirable to refer the observations to a common epoch by applying the formula 


JO = n sma sec 8 (^—^o) 


( 12 ) 


FOR DJffiTBRMTN-mG DOUBLE-STAR ORBITS. 


55 


wild c 11 = 20''.04987, and to is the date of obseryation, t the epoch adopted. 
Wo then combine the individual measures of the best observers into suitable 
aimtial means, and plot the resulting positions on a convenient scale The 
ap])roximate normal places thus defined are subject to two conditions. 

(1) That the areas swept over by the radius vector shall be proportional 
to the times, 

(2) That the apparent ellipse which satisfies the law of areas shall coii- 
foiTii also to the observed distances. 

The ellipse which satisfies these conditions must be found by tnal Fine 
plaiiimeter measurement renders the approximation comparatively rapid, and 
when a satisfactory ellipse has been obtained we derive the elements and com- 
pare the computed with the observed places 

"Wc first determine e, then compute the ratio and find the node by 

graphical construction , it is then easy to find i, \ P, T, and a, as explained in 
the foregoing method. If fuither refinement of the elements be desired, re- 
course must he had to differential formulae. 

It IS to be remarhed, however, that the assumption of constant areal velocity 
is equivalent to postulating the absence of unseen bodies or other distiubhig 
influences, and as this is not yet fully established, the orbits which best repre- 
sent the angular motion are not necessarily correct, as may be seen in the case 
of 70 OphiucM If it is necessary to violate the distances in a conspicuous man- 
ner in order to preseiwe the law of the areas, the result must be looked upon 
with suspicion In the present state of double-star Astronomy most of our 
orbits must be regarded as tentative, but when they shall finally be improved 
there is no doubt that, if the motion is really undisturbed, both angles and 
distances will be well represented. 

If it IS desired to compute p and 9 fi:-om the elements, we may employ the 
formulae 

... /W TIN cos (A+®) 

tan {6- Si) = tan (X+ v) cos i , p = a(l-e cos J!) . 

The clement X. is counted from the node between 0° and 180°, in the di- 
rection of the motion, in case of retrograde motion the formula for 9 becomes 


tan(Sl— 0) = tan cos 2 . 
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GRAPHICAL METHOD OP FINDING TUB ATPARENT OBBIT 


Oiaplucal Method of Finding the Appamit (hint of a Boalle Stai' 

It 18 fiequeutly desiuible to project the apparent oibit of a double 
fioin the elements, this inteiestuig and usctul lesult may be oflectecl 



star 
111 a 


very simple manner In order to mate the i)rocc 8 S more intelligible -we shall 
apply it to a particular case, and for this purpose we select the orbit of 
9 ArgUks = ) 8 101 
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The elements reqmred for this purpose are the following. 


Eccentiicity, 

Majoi semi-axiS; 
Node, 

Inclination, 

Node to peiiastion, 


e = 0700 ±0 02 
a = O'' 6549 
= 95°5 
i = 77° 72 
X = 75° 28 


We lay down on suitable drawing paper two lines which intersect each 
other at right angles, and thus mark the four quadrants of position-angle The 
intersection of these lines will be the centre of the real orbit and also the 
centre of the apparent orbit The line of nodes is then drawn through the 
centre, having a position-angle of 95° 5 In like maimer we lay down the line 
whose position-angle is ft -f X. = 170° 78, and this will be the major axis of 
the real ellipse 

We now adopt a convenient scale, which will give a length on the draw- 
ing paper of 10 or 12 inches for the major axis 

With close stars 0"1 may represent one oi two inches of the scale, so 
that the woik can be done with the highest degree of accuracy. From the 
centre the length of the major semi-axis (0".6549) is laid down on the line 
just drawn, and the distance of the foci of the ellipse from the centre will be 
ae (0".6549 X 0.70) The ellipse is then drawn in the usual manner. 

We now lay oif points on the line of nodes at equal distances from the 
centre of the ellipse, and through these points draw lines a a', hh% gc', dd'etc, 
perpendicular to the line of nodes. The lengths of these lines on either side 
are found in seconds of arc by the scale used, and then multiplied by the 
cosine of the inclination (cos 77° 72 = 0 214) , the resulting values aie marked 
on the coriespondmg lines at a', b', c', d', d, f, etc, on both sides of the line 
of nodes. 

The points thus determined will he on the arc of the true ellipse as seen 
from the Earth, and when we pass the curve through them, we have the ap- 
parent orbit of the double star. 

To find the position of the star in the apparent ellipse, we multiply the 
distance of the focus of the real ellipse from the line of nodes by the cosine 
of the inclination, and thus find the point s', which will be the position of the 
ceniral star m the projected orbit. A line OdF', drawn from the centre 
through this point to intersect the arc of the apparent ellipse, gives the posi- 
tion-angle of the real major axis, and the position of the real penastron 

Having thus obtained the position of the central star m the apparent orbit. 
It only remains to draw through the principal star lines parallel to those inter- 
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sectmg at the centre «.d markmg the fom quadrante, whroh may now be oraeed 
In the ignie the Imee whteh mark the (bar quadraate a.e somewhat heavre. 

than the rest SO that they are easily recognized. 

Thus a Ury simple p.ocess of p.-ojocUon enables ns to ti-acc the outlmo 

of the appatent o.b.t of any sta. when the .oqmred elements a- given, 
and from the observed positrons ,t is possible to sec at a glance whether the 
apparent oibit represents the obsemtions eatislnotorily It only leinains o 
add that in the case of rctiograde motion, the angle k (which should alvvays 
be counted in the du-ection of motion, while the ascending node should >c 
taken between 0° and 180“ ) must foi ptirL»see of graphieal leprcsentatioil he 
taken as negative, and the position-angle of the major amo of the real clliphc lie- 

comes a— k, whereas for diioet motion the angle IB a-fk, as in the ease oi 

9 Argub 


§ 11. /or Ufa Jmpwmtmfl^ oj Mlamrids 

The foregoing giaphicnl nietliod, wIumi judiciously applied, will gi\e ek'ineulh 
having all the accuracy winch can be dcHuv<l m tlu‘ pienent, si, ale of doublc'- 
stai At^tronoiny But iiK Home imin-ovcment of a veiy icline<l charaeltT will 
ultimately he possibles wc nhall pivseiit the difleiential fornu.hio winch may 
he eniployod to effect these slight variations of the, t'lcnients 

The fomiilac for finding the position-aiigh' 0 fiom tlie elements are 

M = II (f- T) =rz f<] - <>" HIU /<; , 

kui i (> = l^-ticUi 1 A’ ) 
km ((’"tX.) coH t = km (0 — £3) 

yuico d 18 a function of the hk elements, Si, ^ k, e, 7 , >/, we ha\(‘ 




f>F(6) 

fJn 


<ln 


When the vanations of the eleiiicnts are (imte, hut small, we havt* t,he 
approximate formula, 

B/li + CA\ + DAe + OAT + H An , 

where A,B, C, D, Q and Z/, denote the. paitial diffcieiitial coemcients 

From the equations winch enable us to compute 6 we obtain tlmso eoef- 
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ficients by paitial differentiation with respect to the several elements Thus 
we find 

A = + 1 j 

B = — cos2(^— Q)taii(«;+X) sirii j 


0 = 
D = 

G = 


sec^ (v+A.) cos^ (^— SI) cos^ , 

/ 2 tan^ .g 11+^ see ** i E sm E\ 

V(l-e)Vi-6=' \l-e l-eoosA’ } 


ll + e sec^^ J?cos^^ y 0 
yll — e 1— ecosi^^ 


H = 


(t-T) 

n 


(t 


cos^ J « 0 , 


The formulae usually employed by astronomers for effecting the differential 
corrections of the elements thus take the foim 


+ C^JX + D^Je + GiJT + H^/Jn - = 0 , 

J^JSi + + G^X + + G^T+ Jl^n - = 0 , 


A^Sl + ByJi + CvJX + EyJe + Gy/1T+ Hydn - JOy = 0 

There are six quantities to be deduced from this system of equations , a 
Boliition by the method of Least Squares will generally ensure the best results 
In the above form of the equations it is tacitly assumed that the residuals in 
angle represent absolute displacements of the companion in space, regardless of 
its distance from the central star, which is evidently inexact. The importance 
of a given error in angle increases in proportion to the length of the radius 
VGctoi, and as the distance of the companion is generally very unequal in 
different parts of the apparent orbit, the formulae should be so modified as to 
I'onder the absolute displacements of the observed positions a minimum. This 
improvement can be effected as follows We shall assume that the major axis 
can be best determined from the apparent orbit, which serves as an interpo- 
lating curve analogous to that recommended by Sir John Herbohbl, and hence 
this element need not be regarded as variable. It is, therefore, required to 
compute the slight variations for the other six elements. 

Let us suppose that the value of p corresponding to the position-angle dg 
is pa , this value may be computed or measured graphically from the diagram. 
X^et the corrected angle and distance be 6^ and p^ respectively Then it is easy 
to see that the displacement of a point on the apparent orbit due to the correction 
of the elements will be given by 
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A &ENBKAL METHOD FOB FACILITATING THE SOLUTION 


In case the length of the isulniK veetoi in the appmont oihit is piactieally 
constant, the last teini of the radical heooineH insensible, and the displace- 
ment m space at a given distance is propoitional to the displaoeinent m angU' 
Blit as many of the oibils are very eccentric and highly inclined, and the 
ladins vectoi theiefoic changes rapidly, the best lesnlt can be obtained 
only by the use of the complete lesidiials evpressed above. In comjnituig 
these values nunieiically we may evpiess (p.—Pc) degiees by the 

formula 2 ^7“ t! , and since ih already given in dc'giees, we 

must express the eoedieieiit as an abstnict nunibei in units of the inajoi senn- 
a\is, m oidei to give the (lis[)lac*ement.s in angle weight propoitional to the 
length of the ladius vector 

Since the second t.erm of the resulting evpiession undei the radical sign 

will often be very small, it will freipiently be sunieient to use (lu> (list tc«rni 
only, or in other winds, to assign the. residuals in angle weights pioportional 
to the lengths of the radii vectores 

Tins method of nnpioving the elements will be found veiy much shorter 
than that nnohed m the [iroeess of collecting both angles and distances by 
seiiarate differenlial formul.ie, and will lead (o the same results without loss of 

accuracy 


^ 12 . A (iemml Mdhod Jor FardiMiiu/ iht' i^ohUioti, of Fqiioftoji hii 

Mi'cliaiural ■* 

The standard works on plaiu'tary motion, such as (Uirss’ Thmna 
OiuMLZKu’s and Watson’s Y'/n'ordicftl A.sfiotioi)n/, givi* 

methods for solving Kki'lku’s hkiiiation which au' very satisfactory wlum tlu' 
eccentricity of the orbit is small, <uid also when t.liis element is huge, as in 
the case of most of thi' periodic comets When the (eccentricity is small, an 
expansion m series, usually by Laguange’s Theoiem, enables ns to find the 
eccentric anomaly with the desired facility The senes frequently employed 
has the form 

IL 


,V(, = M+ miM + «" Ljsiaaj/ + 


* Monthly Notices, Juno, 1806, also Note in Monthly Notiacs foi December, 1805 
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To the approximate value Eq, obtained from a few terms of this series, 
we apply a correction resulting from the expansion by Taylor’s Theorem. 

The equation of Kepler gives 


and since 


dM, 

dB, 


1 — e cos-Ej, 


dM^ = 31 , 


we find two terms of the series to be 


B = B,+ 


M- 

1 — e cos B^ 


Suecessivo applications of tins formula will readily yield the true value of 
the eccentric anomaly. But when the eccentricity is considerable the expansion 
in series fails to converge with the_ desired rapidity On the other hand, when 
the orbits differ but little from parabolas, the solution can readily be found by 
means of special tables, such as those given by Oauss, Watson and Oppolzbr. 

It 18 very remarkable that among the many solutions of Kepler’s Equation 
discovered by mathematicians there is not one, so far as I am aware, which 
has come into general use among astronomers that is apphcable to ellipses of 
all possible eccentricities. 

The method to which I desire to direct attention is a modification of the 
graphical method originally invented by J. J. Waterrton {MoTvthly Notices, 
1849-50, p 169), and subsequently rediscovered by Dubois {Astronomzsche 
NaeJmehten, no 1404) The method was afterwards discussed by Kltnkbr- 
EUES in his Theoretische Astronomic, p 17, but so far as I am aware* it never 
came into practical use until employed in the investigations embodied in this 
work 

Suppose we construct, on a convenient scale, a semi-circumference of the 
curve of sines, y = siuir In practice it is desirable to use millimetre paper, 
and a convenient scale is obtained by taking one degree of the arc as five 
millimeties, so that the scale may easily be read to 0°.l The origin of the 
arc is taken at the origin of coordinates, and as the scale along the axis of 
abscissae extends from 0° to 180°, it will have a length of 90 centimetres. 

In the figure let OM represent the mean anomaly, and suppose from M 


^Monthly Notices^ December, 1895 
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A G^EITERAL METHOD FOR FACILITATING THE SOLUTION 


we diaw a nght line making an angle 9 with the axis of abscissae, the angle 
W being defined by the equation 

Let the abscissa of the point 0, detcnnined by the intersection of the light 
line MC with the sine curve, be denoted by JE Then we evidently have 

OE- ME = OM 


H 



Fig 6 

Thus, denoting the are OE by E, and obseiving that e sin = cos '/', we 
find that e sni?> = ME, the radius in the case of sin >!> being such that sin V' 
IS always equal to sin E 

Hence we get 

OE - ME = OM, 
or 

E — 6 smE = M , 

which IS the Equation of Keplee. 

Therefore we conclude that if foi an orbit of given eccentricity we c'on- 
struct a tiiangle CME (in practice this may be made of caidboard) and ap[)ly 
the veitex M of the tiiangle to the successive mean anomalies, the base coin- 
ciding with the ai-axis, the intersection of the hypothenuse with the curve of 
sines will give at once abscissae which aie the corresponding eccentiio anoin- 
ahes. Any actual diagram such as we have described will be subject to slight 
inaccuracies of construction, owing to the transcendental nature of the sines, 
and henee we cannot obtain solutions of absolute precision But it is entirely 
possible to get approximate solutions exact to 0" 1, and this work can be doiu' 
with the greatest lapidity It is merely necessaiy to slide the base of the 
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triangle along the cc-axis, placing the vertex M at the points eoiTespondmg to 
the different values of the mean anomaly, and reading off the coi responding 
eccentric anomalies. 

This triangle device is rendered possible by virtue of the fact that W is 
constant in tan ?>■ = and we may observe that in ease of elliptic orbits the 

angle W can vaiy only from 45° in the case of a parabola to 90° in the case of a 
circle This method is therefore directly applicable to ellipses of every possible 
eccentricity, and the accuracy of the solution is always substantially the same 
In the case of parabohc motion, however, the method fails, since when W = 45° 
the hypothenuse JfC is tangent to the sine curve at the origin But for e<\ 
the hypothenuse MG intersects the curve y = sin aj, and the intersection will be 
well defined except when e approaches ' unity and M is very small. In such 
eases it is best to use the Special Tables or the Theory of Parabolic Motion 
Solutions exact to 0° 1 are often sufl&cient in the present state of double-star 
ohseiwation, and we readily see how great is the practical value of this method 
in comparing a long senes of observations with a given set of elements. One 
hundred approximate solutions of Kepler’s Equation, accurate to 0“ 1, may be 
obtained by this method in less than half an hour; while if e lies between 0 35 
and 0.85 probably a skilled computer could not obtain the same results by the 
ordinary method in less than a day. Thus the time and labor required for 
this work IS much diminished, and it is clear that the chances of large error 
are correspondingly reduced. 

If a cui*ve of sines were engraved on a metallic plate it would be an easy 
matter to devise a movable protractor which could be set at any angle, such 
a piece of apparatus would serve for every possible elliptic orbit, and would 
last for an indefinite time Considering the immense labor devolving upon 
astronomers m the computation of the motion of the heavenly bodies, it would 
seem that such a labor-saving device might be advantageously employed in 
the offices of the astronomical ephemerides However, as several astronomers 
have prepared tables for facilitating the solution of Kepler’s Equation in the 
case of orbits which ai*e not very eccentric, such an apparatus would be useful 
chiefly in work on the more eccentric asteroids, the double stars, and the periodic 
comets In dealing with the motions of these bodies the labor saved would 
be very considerable, and we might hope that the apparatus here suggested 
would come into actual use But m case this instrument of precision could not 
be successfully manufactured, owing to its limited commercial use, it is easy 
for a working astronomer to construct a curve of sines on millimetre paper 
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SOLUTION OF KBPLEE’S EQUATION 


This can be mounted on a suitable wooden board, and a tiianglo of cardboai-d 
will give the solutions of Keplee’s Equation for any given oibit 

Thus, while the graphical method, ongmally proposed by Wateeston, 
aftemaids independently discovered by Dubois, and subsequently discussed by 
KijINKBEFUES, was suggested many years ago, it does not appear that it has 
yet come into general use, and theiefore it deserves the careful attention of 
astronomeis It is woithy of remaik that a method of such gioat practical 
impoitance should rest m comparative oblivion during half a century, at a time 
when astronomeis weie constantly working on the motions of periodic comets 
and double stais, but it is piobable that neither Watbeston nor Dubois recog- 
nized the gieat generality and high value of the method in piactical work 
Since wilting the papei which I communicated to the Eoyal Astionomical Society 
in June, 1895, I have had occasion to make great use of the method in revis- 
ing the orbits of double stars, and have found it not only the easiest and most 
rapid process yet invented, but one altogether so satisfactory that we may pre- 
dict its umversal adoption by astionomeis The simphcity and generality of 
the method and the lapidity and aeeiuaey with which solutions can be obtained, 
invite the inference that in the natuie of the case the method is piobably ulti- 
mate, and IS not likely to be impioved upon in any fiitiiie ago 

"While this method is of special impoitance in dealing with the motions 
of double stars, owing to the wide range of then eceentiicitios, it will evidently 
be almost, if not qiuto, equally iinpoi taut in the case of pei iodic comets and the 
asteroids But in dealing with comets and planets, wheie we desire very e\aei 
solutions of Keplee’s Equation, it will be necessary to coircct the approximate 
values by the formula 

AH ^-^0 

“ 1-6C0S^/ 

where JEo are the approximate values of the mean and eccentric anomalies 
A second correction will ensure all the accuracy desirable in planetary and 
eometary ephemerides * 

*Aiiiong the other means for solving Kepler’ b Equation we mention especially the tables of Ah i rand 
(Enolemann, Leipzig), Dobbrck, A N 139, and a graphical method by Mr IT C Plummer, Monthly 
Notices^ March, 1896 



CHAPTER II. 

Oif THE Orbits of Forit Biistart Stars. 

Introductory MemarAs 

The present chapter i.s occupied with detailed researches on the motions 
of the forty stars whose orbits can be best determined at this epoch. The 
material presented for each star has been collected from all available sources 
and is very complete. It is highly impiobahle that any important rccoids have 
been overlooked, and since we have drawn the mateiial almost wholly from 
original sources, future , investigators will have little need to repeat the labor 
involved in colloeting observations of these stars prior to 1895. 

In some cases we have not used all of the available measures, either because 
the observations appeared to be defective, or because good observations were 
obtained too late to be incorporated m the discussions, which were not changed 
unless the elements adopted were found to be inconsistent with the new mate- 
rial In the main, our choice of observations has been guided by the assump- 
tion that it is possible to find an orbit which is consistent with undisturbed 
elliptical motion. The observations have justified a violation of this principle 
only in the ease of 70 OpliiucM, which presented anomalies too large to be 
attributed to errors of observation If the course of time should show that other 
stais also arc perturbed, it will become appaient that we have not always made 
the best choice of the material now available. 

In the determination of these orbits a number of distinguished astronomers 
have contributed their observations in advance of publication They have not 
only sent manuscript copies of valuable measures, but have offered their work 
with a generosity which merits my most grateful acknowledgement Among 
those to whom we retnin thanks are: M. G- Bigourdan, ISTational Observatory, 
Pans, Profs. G C. Comstock and A. S. Flikt, 'Washhnrn Observatory, 
Madison; Prof S he Geasenarr, Director of the Observatory, Imperial 
University, St Petersburg; Prof. G W. Hough, Director of the Dearborn 
Observatory, Evanston, 111 ; Prof. V. Kkorre, Royal Observatory, Berlin; 
T. Lewis, Esq., Royal Observatory, Greenwich, M. W- Maw, Esq, Private 
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ABBRRVIATIONR OF THE NAMES OF OBSERVERS 


Obseivatoiy, London, Prop G. V Schiaparelli, Diioctoi of the Royal 
Obseivatoiy, Milan, Prop W Schur, Directoi of the Royal Obseivatoiy, 
Gottingen, Jonisr Tebbxjtt, Esq, Private Obseivatoiy, Windsor, S Walc^s, 
Dr. H. C Wilson, Goodsell Obseivatoiy, Noithfield, Minn 

I have also had the constant coopeiation of Professors Burnham and 
Barnard, who have made valuable suggestions in addition to contiibiiting 
impoitant obsei vations, some of which weie secured expressly foi this woik 
In the investigation of the individual oibits my fiiends Mr. Geo K Laavton, 
Mr Eric Doolittle, and Mr F R Moulton have at different times 
lendeied valuable assistance in the execution of a large pait of the com- 
putations Without such assistance, unifoimly chaiacteiized by both zeal and 
enthusiasm, it would have been impossible to have completed the deteimination 
of so many oibits in so shoit a time To these gentlemen I acknowledge my 
deep and lasting obligations Besides aiding me in the preparation of Chaptei I, 
Mr Moulton has assisted in arianging the manuscript for the punter, and 
in leading the pi oofs, and thus not only expedited the work but also ensuied 
gieatei accuracy than otheiwise would have been possible 

While no effoit has been spaied to ensuie exactness in the computations 
and in the diawings, it can scarcely be hoped that in dealing with so gieat a 
mass of mateiial all enors have been avoided. Theie is leason, howevei, to 
believe that such errois as may exist in the woik will have no appreciable 
effect upon the final results 

A numbei of the oibits embodied in this Chaptei have been published in 
the Astronomical Journal^ the Astronomische Nacliriclden^ and the Monthly 
Notices of the Royal Astionomical Society, lefeiences to these souices will be 
found in the appropiiate places 


Ahhremations of the Names of Observers 


A C = Alvan Claik 
AGO == Alvan G Claik 
Adh = Adolph 
An = Aiiweis 
^ = Biiinliam 
Bai = Bainaid 
Be = Bessel 
Bh = Biuhns 
Big = Bigonidan 
Bo = Bond 
Bo = Boigen 


Bivr = Brimnow 
Cal =x Callandieaii 
Cm = Cincinnati Obsei veis 
Col = Collins 
Com = Comstock 
Cop = Copeland 
Da = Dawes 
Day = Davidson 
Dem = Deinbow&ki 
Dk = Dobeick 
Dll = Dunei 


Dm = Diiiham Obsei veis 
Ek = Encke 
El = Elleij 
En = Engleinann 
Fer = Fell ail 
El = Flaminaiioii 
Fh = Flint 
Fit = Fletcliei 
Eo = Foeistei 
El = Fianz 
Ga = Galle 
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Gia 

= Giacoinelli 

Ma 

= Main 

Sec 

= Secclii 

G1 

= Gledliill 

Ma 

= Madlei 

See 

= T J J See 

Glas 

= Glasenapp 

Mac 

= Macleai 

Sel 

= Sell 01 s 

Go 

= Goldeny 

Maw 

= M W Maw 

Sh 

= Scliiir 

Hi 

= W Heischel 

Ml 

= Millei 

SI 

= Selandei 

H, 

= J F W Heischel 

Mit 

= Mitchell 

Sm 

= Smith 

Hi 

== Hmd 

Ml 

= Moulton 

So 

= South 

HI 

= Hall 

Kew 

= Newcomb 

Si 

= Seaile 

Ho 

= Hough 

No 

= Nobile 

St 

= 0 Stone 

Hoi 

= Holden 

Pei 

= Pence 

T 

Tebbutt 

Hv 

= Harvard Observeis 

Pei 

= Peiiotin 

Tai 

= Tail ant 

J 8i 

= Jacob 

Pet 

= Peteis 

T] 

= Tiet]on 

Jed 

= Jedrzejewicz 

Ph 

= Pluliiot 

Vo 

= Yogel 

Jo 

= Jones 

PI 

= Pluinmei 

Welo 

= Waldo 

Ka 

= Kaisei 

Po 

= Powell 

m 

= Wichman 

Kn 

= Knott 

Pi 

= Piitcliett 

Ws 

= J M Wilson 

Knr 

= Knoiie 

Pad 

= Padtlitte Obseiveis 

ircw 

= H 0 Wilson 

Kii 

= Kiistnei 

Pus 

= Pussell 

AV &S 

= Wilson & Seabioke 

Ley 

= Leyton Obsei vei s 

S 

= W Stiiive 

Well 

= Wellmann 

Lin 

= Lindstedt 

HS 

= H Stiiive 

Wiim 

= Winneekc 

Lov 

= Lovett 

OS 

= 0 Stiuve 

Wlk 

= Winlock 

Ls 

= Lewis 

Sell 

= Schiaxiaielli 

Wi 

3= Wiot Lesley 

Lu 

= Luther 

Rcl 

= Sehl titer 

Y 

= Young 

Lv 

= Leaveiiwoith 

Sea 

= Seabroke 
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a = Oil 1»» , 8 = +67° 63' 

0 9, ycllo'wish , 7 6, bluish white 

Dihcoxwred hj Sir Wilhani ller^cheJ Auqu^t 26, 1782 

Obseryations 


t 

6o 

po 

n 

Observers 

t 


Po 

n 

Observers 

1782 65 

319°4 

H 

1 

Herschel 

1842 80 

207°3 

087 

1 

Madler 

1783 05 

3191 

— 

1 

Heischel 

1843 58 

208 7 

0 92 

3 

Mhdler 

1823 81 

36 7 

125± 

1 

Stiuve 

1843 80 

210 0 

0 94 

1 

Dawes 

1831 71 

85 7 

0 82 

2 

Struve 

1844 49 

213 7 

0 85 

5 

Madler 

1833 71 

108 6 

0 56 

3 

Stiuve 

184642 

220 3 

0 97 

2 

0 Struve 

1835 66 

132 6 

0 41 

5 

Struve 

1847 53 

2251 

112 

5 

Madler 






1848 22 

229 7 

114 

2 

0 Struve 

1836 61 

146 4 

0 47 

5 

Struve 

1848 87 

228 8 

110 

1 

Dawes 

1840 32 

186 5 

0 65 

4 

0 Struve 

1849 19 

232 5 

109 

3 

0 Struve 

1840 78 

186 9 

08± 

3-2 

Dawes 

1860 04 

233 9 

1 17 

3 

0 Struve 

1841 58 

193 6 

0 89 

7 

Madlei 

1850 71 

232 3 

131 

3 

Madler 

1841 86 

193 4 

0 95 

2 

Dawes 

1850 93 

235 2 

— 

1 

Dawes 
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t 

60 

Po 

n 

Obseiveis 

1851 16 

235°7 

n 

135 

2 

0 Stiuve 

1851 18 

236 9 

116 

8 

Madlei 

1861 75 

234 5 

127 

2 

Mcidlei 

1852 49 

238 4 

123 

3 

0 Stiuve 

1854 11 

243 5 

148 

4 

0 Stiuve 

1854 32 

244 3 

128 

3 

Dawes 

1854 90 

249 9 

Sep 

6 

Deiubowski 

1855 05 

242 7 

138 

3 

0 Stiuve 

1855 80 

249 4 

13 

8 

Deiubowski 

1855 91 

247 9 

133 

3 

Moiton 

1856 57 

245 6 

141 

1 

Wmnecke 

1856 62 

250 6 

12 

4 

Deiubowski 

1856 66 

247 8 

140 

2 

0 Stiuve 

1856 80 

248 8 

143 

1 

Madlei 

1857 37 

250 4 

150 

3 

0 Stiuve 

1857 60 

253 4 

125 

3 

Secclii 

1857 71 

252 2 

12 

4 

Dembowski 

1858 54 

262 4 

12 

2 

Dembowski 

1859 16 

255 3 

146 

3 

0 Stiuve 

1861 79 

265 2 

121 

2 

Madlei 

1862 18 

2617 

154 

2 

0 Stiuve 

1862 79 

263 6 

146 

11 

Dembowski 

1862 83 

2661 

129 

2 

Madlei 

1863 80 

266 0 

143 

9 

Dembowski 

1863 86 

265 6 

140 

1 

Dawes 

1864 73 

268 7 

140 

7 

Dembowski 

I 860 70 

2712 

135 

6 

Dembowski 

1866 71 

269 9 

143 

3 

Knott 

1865 71 

2719 

114 

2-3 

Leyton Obs 

1866 20 

270 4 

147 

2 

0 Stiuve 

1866 64 

270 3 

146 

3 

Leyton Obs 

1866 72 

276 5 

1 13 

3 

Haivaid 

1866 74 

273 4 

144 

5 

Dembowski 

1866 97 

270 0 

134 

1 

Seccki 

1867 74 

276 2 

141 

7 

Dembowski 

1868 67 

277 5 

138 

4 

Dembowski 

1868 75 

268 3 

1 66 

3-1 

Leyton Obs 

1868 98 

276 5 

159 

2 

0 Stiuve 

1869 75 

279 9 

148 

6 

Dembowski 

1870 18 

279 2 

148 

2 

0 Stiuve 

1870 44 

2810 

15 

1 

Gledhill 

1870 64 

280 6 

163 

- 

Leyton Obs 

1870 67 

282 2 

143 

7 

Dembowski 


t 

e. 

Po 

n 

Obseivcis 

1871 57 

283°8 

139 

7 

Dembowski 

1871 60 

284 0 

16 

1 

Gledliill 

1872 63 

285 7 

147 

6 

Dembowski 

1872 80 

286 3 

145 

1 

W & S 

1873 63 

287 6 

145 

9 

Dembowski 

1873 80 

297 8 

0 91 

1 

Leyton Obs* 

1873 82 

287 8 

145 

1 

W & S 

1873 84 

288 0 

155 

2 

Gledhill 

1874 64 

289 8 

140 

6 

Dembowski 

1874 72 

2991 

108 

1 

Leyton Obs 

1874 86 

2912 

137 

1 

W & S 

1874 91 

2911 

135 

2 

Gledhill 

1875 67 

292 2 

147 

6 

Dembowski 

1875 69 

292 9 

149 

5 

Dundi 

1876 74 

293 3 

161 

1 

0 Struve 

1876 67 

294 5 

146 

5 

Dembowski 

1876 87 

294 5 

1 60 

3-2 

Dobeick 

1876 93 

298 8 ’ 

144 

1 

W & S 

1876 99 

294 5 

146 

5-4 

Pluminei 

1877 61 

295 8 

146 

4 

Dembowski 

1877 74 

297 3 

149 

4 

Dobeick 

1878 60 

2991 

151 

4 

Dembowski 

1878 90 

302 3 

139 

5 

Dobeick 

1879 45 

3019 

150 

8 

Hall 

1879 77 

303 2 

133 

5 

Dobeick 

1880 60 

304 6 

150 

6 

Bui nil am 

1880 88 

304 3 

1 55 

4 

Dobeick 

1881 14 

301 0 

144 

3-2 

Jedi 2 :e 3 ewicz 

1881 60 

307 8 

160 

3 

Buinham 

1881 81 

306 5 

197 

2-1 

Bigouidaii 

1881 83 

305 5 

140 

4 

Hall 

1882 11 

304 9 

129 

7 

Jedizejewicz 

1882 70 

312 3 

1 62 

1 

0 Stiuve 

1882 82 

3081 

152 

4-3 

Dobeick 

1883 60 

309 8 

169 

9 

Englemann 

1883 94 

312 8 

144 

3 

Hall 

1884 47 

3117 

126 

2 

Seabioke 

1885 80 

3161 

146 

5 

Hall 

1886 20 

316 2 

143 

3-2 

Seabioke 

1886 92 

314 6 

1 46 

5 

Hall 

1887 06 

316 5 

136 

6-3 

Schiaparelli 

1887 10 

310 7 

150 

3 

Tail ant 


f 
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t 

e. 

Po 

n 

Observers 

t 

e. 

Po 

n 

Obseiveis 

1888 00 

317°7 

l^'lO 

1 

Scliiapaielli 

1802 94 

323°7 

If 

1 62 

1 

Jones 

1888 94 

319 4 

1 36 

4 

Hall 

1892 99 

328 5 

147 

2 

Schiapaielli 

1888 06 

310 5 

146 

6 

Schiapaielli 






1889 57 

3211 

145 

3 

Burnliam 

1893 83 

327 8 

158 

2 

Comstock 

1889 86 

323 0 

145 

4 

Hall 

1803 96 

330 9 

145 

2 

Schiapaielli 

1889 94 

320 5 

138 

1 

Seabroke 

1894 28 

330 6 

1 70 

3-2 

Bigoiirdaii 

1890 76 

3218 

161 

1 

Bigomdan 

1804 64 

331 99 

186 

1 

Glaseiiapp 

1890 79 

325 2 

134 

5 

Hall 






1890 93 

323 5 

152 

1 

Schiapaielli 

1805 10 

1512 

1 58 

1 

Davidson 






1895 14 

330 3 

161 

7-6 

Bigoiudan 

1891 48 

322 4 

1 5± 

1 

See 

1895 15 

327 4 

116 

3 

Hough 

1891 95 

327 3 

147 

2 

Schiapaielli 

1805 18 

331 9 

146 

2-1 

Comstock 

1892 71 

3291 

147 

3 

Comstock 

1805 73 

334 3 

1 53 

4 

See 

1802 86 

325 6 

1 52 

2 

Collins 

1895 74 

334 5 

140 

2 

Moulton 


When IIbksciibl discovered this paii he measured the angle and lepeatcd 
Ins observation the following year, without finding any sensible change.* Bo- 
guiniiig with 1823, Struvk followed the star for ton years; and from the 
measures thus seem ed he discovered that the system is a binary in rapid orbital 
motion Since Struve’s time the star has been carefully measured by many of 
the best observers, so that there is abundant material upon which to base an 
orbit which seems likely to be substantially correct. 

Having collected all the published observations of 1 3062 from original 
sources, I have formed for each year a mean position which is the arithmetical 
mean of the mean results obtained severally by the best observers In accor- 
dance with the experience of Struve, Otto Struve, Dbmbowsiii, and Burn- 
ham these ycaily means may be held to furnish the most trustworthy basis for 
the elements of an oibit The following is a table of the orbits hitherto pub- 
lished for tliis star 


P 

T 

e 

a 

SI 

% 

1 

Authority 

Source 

04 765 
146 83 
10561 
112 044 
104 115 
102 9 13 

1837 414 
183101 
1836 60 
1835 196 

1834 88 

1835 508 

0 4496 

0 57536 

0 4151 

0 50000 

0 4612 

0 4472 

1 255 

0 9982 

1446 

1310 

127 

1270 

1504 
77 35 
47 6 
32 2 
38 6 
39 15 

35°53 
38 6 
46 3 
29 97 
32 2 
32 2 

135 °46 
42 2 
93 87 
97 52 
92 1 
921 

Madler, 1840 
MlUllei, 1847 
von Puss, 1867 
Sclmi, 1867 
Dobeick,1877 
Dotferck,1879 

Doip Obs IX, 180 
DieFixst -Syst: 

Mel Acad St Poteisbg , 
AN 1636 [1867,1)128 
A N 2156 

A N 2277 


By the method of Klinkbreues we find the following elements . 

F = 104 61 yeais SI = 47° 15 

T = 1836 26 % = 43° 85 

fi = 0 450 X = 00° 90 

a = 1" 3712 n = +3° 441355 


Astronomisclie Nachithten, 3292 
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Apparent oibit* 

Length of majoi axis = 2" 526 

Length of minoi axis = 1" 984 

Angle of major axis = 45° 1 

Angle of peiiastron = 138° 4 

Distance of stai fiom centie = 0" 446 

It will be seen that these elements are very similar to those deiivccl by 
VON Fuss in 1867 The following eompaiison of the computed and obsoivcd 
places shows that the above elements aie highly satisfactoi y, and that the tiiic 
elements of this lemarkahle bmaiy will haidly ditfer sensibly fiom the values 
here obtained. 

COMPAKISON OF COMPUTED WITH OBSERVED PLACES 
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(9. 

ec 
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Pc 

6<r-dc 
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n 

01)seivois 

1782 65 

319°4 

316°7 

n 

n 

144 

+ 3 V 

n 

2 

Heischel 

1823 81 

36 7 

45 3 

125± 

116 

-8 6 

+0 09 

1 

Stiuve 

1831 71 

85 7 

851 

0 82 
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+0 6 

+010 

2 

Stiuve 

1833 73 

108 6 

105 3 

0 56 

0 61 

+3 3 

-0 05 

3 

Stinve 

1836 66 

132 6 

130 5 

0 41 

0 55 

+21 

-014 

6 

Stiuve 

1836 61 

146 4 

143 8 

0 47 

0 55 

+2 6 

-0 08 

5 

Stiuve 

1840 55 

186 7 

188 8 

0 72 

0 71 

-21 

+0 01 

7-6 

0-14, Dawes 3 2 

1841 72 

193 5 

197 6 

0 92 

0 79 

-41 

“hO 13 

9 

Madlei 7 , Dawes 2 

1842 80 

207 3 

204 7 

0 87 

0 86 

+2 6 

+001 

1 

Madlei 

1843 69 

209 3 

209 5 

0 93 

0 91 

-0 2 

+002 

4 

Madlei 3, Dawes 1 

1844 49 

213 7 

213 6 

0 86 

0 96 

•+-01 

-oil 

6 

Madlei 

1846 42 

220 3 

222 2 

0 97 

107 

-19 

-010 

2 

0 Stiuve 

1847 53 

2251 

2261 

1 12 

111 

-10 

+0 01 

5 

Madlei 

1848 54 

229 2 

229 7 

116 

116 

-0 5 

-0 01 

3 

02 2 , Dawes 1 

1849 19 

232 6 

2319 

109 

118 

+0 6 

-0 09 

3 

0 Stiuve 

1850 56 

233 8 

2361 

124 

123 

-2 3 

+0 01 

7-6 

02 3 , Madlei 3 , Dawes 1-0 

1851 36 

235 7 

238 3 

126 

125 

-2 6 

+0 01 

12 

02 : 2 , Madlei 8 , Madlei 2 

1852 49 

238 4 

241 6 

123 

129 

-3 2 

-0 06 

3 

0 Stiuve 

1854 47 

246 9 

246 7 

1 38 

133 

-0 8 

+0 06 

13-7 
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be seen 

that there 

are occasional systematic 

erroi's both m the 


angles and m the distances, and in some cases these deviations appear to bo 
rather more extensive than we should expect in the work of the best observers; 
but the star has some peculiar difficulties, especially as regards the distance, 
and on the whole the measures are fairly accordant for so close an object 
This star deserves the careful attention of observers, as the next 20 years 
will give the matenaf which will make the orbit exact to a very high degree. 
It may be pointed out that the system has a considerable proper motion in 
space, in a -j- 0" 34:6, in 8 -f- 0".020 , and therefore the chances are that it has 
a sensible paiallax. If the parallax could be detei mined it would give us the 
absolute dimensions of the system and the combined mass of the components 
— two elements of the highest interest in the study of the stellar systems. 
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^CASSIOPEAE = SGO. 

a = 0*^ 42»« 9,8 = +57° 18' 

4, yellow , 7, pm pie 

Di^<ov€7ed hy Si) Willmni Ileisihel^ Aui/ii^t 17, 1779 
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At the date of discovery Sm William Hbesoiibl found the distance* of 
the component to he and estimated the angle at 70° At the epoch 

1780 52 he found the distance 11" 46, hut made no measure of the angle of 
position until 1782 45, when it proved to be 62“ 07 Hersohel observed the 
angle to be 70° 8, in 1803, but made no measure of the distance The earliest 
observation of both angle and distance is a lough measure by Bessel, in 1814; 
and although his angle is nearly correct, it is evident from the subsequent 
work of STEtrvB that the distance is much too small Since the time of 
rj (Jassiopeae has, been followed by neaily all of the best observers, so 




material upon which to base an investigation of the orbit. 
olDservations of rj Cas&iopeae do not suffice to fix all the 




-1 '#© i!#iife 8 k > ^ell as might be desired , yet it appears that the range of uncer - 

^fl i' A 1 1 , . ,1 ^ • 




% .r‘ : 


iSi .(potnparatively unimportant, except m the case of the periodic time, which 
^Ssiblji' differ several years from the value here derived. Some of the 
j found for p das&iopeae by previous computers are indicated in the fol- 
: Table of Elements. 
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We find the following elements for this celebrated binary 

F = 195 76 yeais = 46° 1 

T = 1907 84 t = 45° 95 

6 = 0 5142 X = 217° 87 

a = 8" 2128 n = +1° 83899 

Apparent orbit 

Length of major axi& = 15" 80 

Length of minor axis = 10" 24 

Angle of major axis = 55° 8 

Angle of peiiastron = 254° 5 

Distance of star from centre = 3" 80 • 

The table of computed and obseived places shows that these elements are 
highly satisfactory But the lapid oibital motion near periastron will make it 
possible to effect a slight improvement in about ten years 

The parallax of the system iccently determined by Dii IIeemaiun S Davis 
of Columbia College seems to bo entitled to great weight; and yet the value 
IS so largo that with those elements the mass is only 0 166 that of the sun 
The distance of the system is 464540 times the distance of the earth from, the 
sun, and the semi-ma]or axis of the orbit is 18 54 astronomical units Thife 
mass is very small for the size of the system, ami if the par^ll'^ of be 

confirmed, sey, by Heliom^ter of the hatu!pe'"ctf 4he,'sfella^- 

systems have to 'W, bbni^i|ieiahIy'iuiothi^ ' 'Tite parallax' of 0 " 154 found' by 
Otto STBtrvB in 1856, from measures with the micrometer, gives a distance for the 
system of 1339400 astronomical units The semi major axis comes out 53 33 times 
the distance of the earth from the sun, and the combined mass proves to be 3 96 
The companion is at present near the line of nodes, and its relative motion 
in the line of sight is near its maximum value The brightness and width of 
this pair is such as to justify an application of the spectroscopic method for 
determining parallax developed in § 5, Chapter I 

In this connection we may point out the great importance of the determi- 
nation of the parallaxes of double rather than of single stars The parallaxes 
of single stars are of comparatively little interest, since they give us only the 
distance and hence the velocity perpendicular to the line of vision, and the 
radiation compared to that of the sun. On the other hand, the parallaxes of 
double stais whose orbits are known give us, besides these data, the absolute 
dimensions of the orbits and the combined masses of the components — two 
elements of the highest importance in the study of the systems of the universe 
7 } Oassiopeae is remarkable for the great angular distance of the components. 
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and loi the lapicl piopei motion of the system Both of those ciuumstaiuos 
buppoit the belief that the btai is coniinu atively neai to us in space, and leii- 
doi it ceitaiii that the paiallax is sensihlc 

In 1881 Mk. Lunwia Stkiivk discussed the lelativc motion of the com- 
ponents about the common centci of giavity of the system, and fioin his iin es- 
tigation it follows that ^^ = 0 208, oi the masses of the two stais, aecoidiiio 
to Otto Stijltvrs paiallav, aie lespectivoly i2f)0 and 1 Of) time's tlic' combiiied 
mass of the sun and caith The companion is theiefoie moie inassuo than tlu' 
sun and moves in an ellipse iieaily twice the size of the oibil of Nrplnne, but 
the eeceiitiicity is so laigc that in peiiastion the coinpainon would come coii- 
sideiahly AVithm the oibit of the ontei ]>lanet, while at apastioii it would lecedc' 
to moic than tlnoe times that distance 
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hence it became clear that the distance was diminishing. In 1886 ISTewoomb 
found the distance 0"29 and the angle 101°5 in small telescopes the stai 
appeared single When Burnham examined the object in 1889 he found it 
exceedingly difficult even with the 36-inch refractor of the Lick Observatory, and 
during 1890 the companion was wholly invisible When the star was examined 
in 1891 it was found that the companion had changed to the opposite quadrant, 

the angle being 312“ 6 and the distance so excessively small that it was esti- 

mated at 0"05±. Baenaed’s examination of the object in 1893 gave the key 
to the situation. The companion had swept rapidly round to 121° 8, thus pass- 
ing over about 320° of position angle since the measure in 1889 Buenham 
at once undertook an investigation of the orbit, and obtained a very satisfactory 
set of elements His paper, in the Monthly Notices for December, 1893, contains 
an illustration of the apparent orbit, and a complete list of measures down to 
1893 We have added the measures made since that date, and derived a set 
of elements very similar to that found by Buenham His elements are- 

P = 64 8 yeais SJ = 113° 5 

T = 1892 1 i = 78° 9 

e = 0 876 X = 200° 8 

a = 0" 37 


We find the following elements of y Androznedae: 


Apparent orbit: 


P == 64 0 yeaxs 
T = 1892 1 
e = 0 867 
a = 0" 3706 


S =» 113° 4 
^ = 77° 86 
X = 200° 1 
M = -6° 6667 


Length of major axis = 0" 706 

Length of minor axis = 0'^ 084 

Angle of major axis = 109° 9 

Angle of peiiastron = 289° 0 

Distance of star from centre = 0" 298 


The table of computed and observed places shows a good agreement for 
an object of this difficulty. The residuals are easily within the limits of the 
errors of observation. The orbit is remarkable for its great eccentricity and 
high inclination Both of these elements are well defined, and the values given 
above will never be materially altered Thus the error in the eccentricity can 
hardly surpass ± 0 02, while a variation of one year in the period is to he 
regarded as improbable In regard to the shape of the real orbit, y Andromedae 
takes its place between y Virginis and y GenfauH. These three remarkable 
systems are also similar as regards the relative brightness of their components. 
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whicli in each case aie nearly equal. Since the companion of y Andi omedae is 
now within the reach of ordinary telescopes the accompanying ephemeris will 
be useful to astronomeis 
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— 
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— 

04 
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4-3 

See 3 , Monltoii 1 -0 
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t 
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Pc 

t 
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o'so 

1899 70 

II 4 V 0 

1897 70 

116 2 

0.35 

t900 70 

114 4 

189870 

115 5 

0 39 
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a CAMS MAJORIS = SIRIUS = A.G.C. 1. 

a = e" 40™ 4 , S = —10° 34' 

1, white , 10, yellow 

Dis(ouered hu Aloa)h G Olaiky Janmmj 31, 18(32 
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Hall 

1890 27 
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The discovery of the companion of Sinus is one of the justly celebrated 
events of modem Astronomy. It extended to the regions of the fixed stars 
the pnnciple of theoretical prediction which has proved so admirable in the 
solar system, and which in the hands of Lbvberibe and Adams had led to the 
discovery of Wejotune. Bbssbl had occasion to mate a careful examination of 
the proper motions of a considerable number of stars, including Sirius and 
Procyon. The two dog stars, mstead of moving unifonnly on the arcs of 
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great circles, seemed to trace out irregular siuuous paths across the sky, and 
a further study of these anomalies convinced Bessel that the two stars wore 
perturbed by invisible bodies. In 1844 he wrote, m a letter to Humboldt 
“ I adhere to the conviction that Procyon and S'lnus form real binary systems, 
consisting of a . visible and an invisible star There is no reason to suppose 
luminosity an essential quality of cosmical bodies. The visibility of countless 
stars is no argument against the invisibility of countless others.” 

In 1857 the suggestion of Bessel was taken up by Pbtbks, who made an 
investigation of the observed inequalities, and found the following elements ibr 
the orbit described by Sirius about the common centre of gravity of the system : 

Penastron passage = 1791 431 
Mean yearly motion = 7° 1866 
Peiiocl = 50 01 yeais 

Eccentricity = 0 7994 

In 1861 the question was again examined by Saepobd, who transmitted to 
Bkunmow an investigation which assigned to the companion a position-angle 
of 83° .8 for the epoch 1862 1. A short time afterwards, on Jan. 31, 1862, Me 
Alvae G. Olakk was trying the new 18-mch object glass of the Dearborn 
telescope, and on pointing the instrument on Sinus exclaimed: “Why, father 
it has a companion I” And sure enough the faint but massive disturbing body 
announced by Bessel was seen within a few degrees of the place assigned by 
the theoretical astronomers It now became a matter of great interest to ascer- 
tain from the motion of the new companion whether it was really the disturb- 
ing body, a few years showed that it had sensibly the required motion, and 
left no doubt of the identity of the two objects. In 1864 Auwers undertook 
a new determination of the elements based on all the observations, and found: 

Penastron passage = 1793 890 
Mean annual motion = 7° 28476 
Period = 49 418 years 

Eccentricity = 0 6010 

A definitive determination afterwards published gave the following results : 

P = 49 399 years ft = 61® 96 
T= 1843 276 t = 47°14 

e = 06148 A.= 18®91 

a = 2" 331 

When the micrometrical measures began to accumulate, various computers 
made new investigations of the orbit. The following table of elements is very 
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jmplete The last set credited to Dk Auwebs were based on all the obscr- 
ations up to 1892 
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Aiitlioiity 

Somce 

4^56 

1891 8 

0 68 

8 41 

42 4 

O 

57 1 

o 

Colbert, 1885 

Deaiboin Bepoit 

58 47 

1896 47 

0 4055 

8 68 

50 0 

55 4 

216 3 

Gore, 1889 

M N , XLIX, no 8 

61 22 

1890 56 

0 945 

— 

188 

- 

- 

Mann 


49 46 

1893 18 

0 7512 

8 31 

10 2 

53 

- 

Mann 


67 02 

1894 17 

0 538 

8 50 

40 75 

61 43 

48 58 

Howaid 

A J 236 

49 399 

1844 216 

0 6292 

7 568 

37 51 

42 43 

39 94 

Aiiweib, 1892 

A N 3084 

61 97 

1893 6 

0 668 

8 31 

40 3 

60 8 

136 4 

Bui nliam, 1890 

Pub Lick Obfa II, p 239 

61 101 

1893 769 

0 6131 

7 77 

37 06 

44 6 

223 61 

Zwieis, 1895 

AN 3336 


During 1890 the distance of the companion became so small that it was 
ost m the rays of the laige star, even when viewed with the 36-inch lefraclor 
if the Lick Observatory As it was evident that no further obseivatioiis could 
)e made until the object emerged on the other side, Buknham collected all the 
neasures with great care and embodied them in his impoitaiit paper in the 
Monthly Notices for April, 1891 

The orbit which we have given in this work is very similar to that found 
)y Buenhajm, except that the eccentricity is higher and more neaily in accord 
vith the value of this element found by Auwers The oibit is based wholly 
m the mici ometrical measuies, and the data used in deriving the mean places 
lave been veiy carefully selected 

We find the following elements of the oibit of Sinus 


jP = 52 20 yeais Q, = 34° 3 
2’= 1893 60 1 = 46° 77 

e = 0 620 \ = 131° 03 

a = 8" 0316 ti = —6° 89655 


Apparent orbit 


Length of major axis = 14" 63 

Length of minor axis = 9" 60 

Angle of major axis = 60° 7 

Angle of periastron = 262° 4 

Distance of star from centre = 4" 16 


Ephshebis 


t 

0. 

P. 

{ 

$c 

Pc 

1896 20 

193°9 

412 

1899 20 

1689 

497 

1897 20 

180 8 

444 

1900 20 

149 5 

6 25 

1898.20 

169.0 

4 72 
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Gompabisom" op Computed with Obsebved Places 
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714 
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36 4 
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47 6 
46 2 
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39 8 
37 2 
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17 7 
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02 

1019 
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1110 

1142 
1128 

11 17 
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1128 

11 43 
1116 
1100 
10 75 
10 22 
1011 

9 60 
9 32 
881 
8 04 
7 40 
6 79 
6 53 
6 26 
419 

n 

9 78 
10 03 
10 26 
10 48 
10 67 
10 83 

10 97 
1109 
11 20 
1127 
11,31 

11 32 
11 29 
1122 
1114 
1102 
10 84 
10 68 
10 39 
10 08 

9 72 
9 23 
8 80 
824 
7 63 
6 85 
6 76 
6 24 
4 09 

+ o '’6 

+13 
+0 6 
-0 3 
-0 6 
-0 2 
+0 4 
+12 
±00 
±00 
-0 2 
-0 2 
-0 9 
-10 
-0 8 
-0 7 
-0 4 
-0 4 
+0 4 
+0 2 
+ 02 
+0 3 
-08 
-0 7 
-0 7 
-1 1 
+0 2 
-09 
-05 

+041 
-013 
+011 
-013 
-016 
-016 
-0 07 
+ 0 01 
+ 0 22 
+0 01 
-014 
-0 47 
-oil 
+0 06 
+0 29 
+014 
+016 
+0 07 
-017 
+0 03 
-012 
+ 0 09 
+ 0 01 
-016 
-0 23 
-0 06 
-0 22 
+0 02 
+010 

10 

10- 9 
16-12 
22-16 
21-20 

9-13 

20-19 

7 

19-14 

11- 9 

15- 13 
1-7 

11-10 

16- 14 

17- 18 
13-12 
26-31 
46-40 
36-34 
39-37 
43-36 
41-36 
43-41 

26 

20 

16 

4-6 

3 

3 

Bond 2, Butherfurd 6, Chacornac 2 

OS 2, Rutherfnrd 6, Dawes 1 ^ Bond 1-0 

Mar 3, Las 1-3, Bond 4-2, OS 6-3, Da 1-0, Wmnl 
Las 3-0, OS 2, Sec 8, Fo 6-4, Tj 3, Bd — , En 1-0 
Kn 2-1, Brh 1, OS 8, Tj 2-1, Fo 3-1, HI 2-8, N 8, 
Wk 0-6 , Sr 6-6 , OS 1 , Fo 2-0 [Tut 0-1 , East 3 , Sec 2 
Searle2, Peirce 1-0, Y1 *7, Bruhns6, EnglemannS 
yi 8, Dundrl, Winnecke2, Peirce 1 

Peirce 12-4, Winnecke 7-6 , VI 0-6 

SecchiS, Peirce 2-1, Dundr2, Pech 4-3 

DundrS, Bergen 8, N 1, Hall 6, DoberckS-O 

Hall 0-1, Dun(Srl-4, Bruhns 0-1, W<feS 0-1 

2 Sr 7, Holden 2-1, Hall 2 

Bur 1-0, Dun^r4, N 2, Holden 6-4, Hall 4 

Watson 0-1, Peters 1, Holden 6, Hus 4, Hall 6 

Cm 4-3, Holden 4, Hall 6 

8, Holden 4, Cm 9, Pr 0-6, East 0-1, Hall 6 

Cm 20-14, jS 10, Holden 6, Pritchett 6, Hall 6 

Cm 1, Bus 1, Hoi 4, /3 11, Ho 3, Big 6-4, 111 8, Frs 2 
/3 8, Holden 2, Big 6-3, Frs 0, Y 7, Hough 6, Hall 6 
/3 11, Hough 9 , Big 4-3, Frs 6, Hall 7, Englemann 0 
^ 10, Y.l, Hough 11, Ws 4-0, Frs 7, Big 2-1, HI 6 
PerrotinO, Big 3-1, Hough 11, /3 10 , Hall 8 ; Yoimg 5 
Youngs, Hough 10, Hall 8 

Young 4, Hough 12, Hall 6 

Young 4, Hough 7, Hall 4 

Halls, p , 1-2 

Burnham * 

Burnham 


The comparison of the computed with the observed places shows an 
extremely satisfactory agreement, and we are led to believe that the elements 
given above will prove to be near the truth. The differences between these 
elements and those found by Auwbrs are not greater than might he expected 
from the material used in the two cases Adopting the foregoing elements 
and Gill’s parallax of 0" 38, we find the mass of the system to be 3.473 times 
that of the sun and earth; the major semi-axis comes out 21.136 astronomical 
units. Thus the system of Sirius is a magnificent one, having 3 47 times the 
mass of the planetary system, and shghtly larger dimensions than the orbit of 
the planet Uramis The masses, according to Auwbrs, are in the ratio 1: 2.119; 
or, in units of the sun’s mass, 1.113 and 2.360 respectively. The future obser- 
vation .of this star is a matter of the highest interest. There is some reason 
to suppose that Sinus is very muc^ expanded, more nearly resembling a nebula 
than the sun; if this inference be true, the action of the companion will raise 
enormous bodily tides in the mass of Sinus Since the height of the tides 
varies inversely as the cube of the distance, it will follow that the tidal eleva- 
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tion at penastron will be about 80 times higher than at apastron There 
would thus arise a periodic disturbance in the mass of Sinus depending on the 
revolution of the companion It seems probable that high tides would increase 
the radiation of Sinus, and hence if it weie possible to make photoinetiic 
measures of absolute accuracy, or of such a character that the biightness could 
be compared at intervals of 25 years, it might some day be possible to detect 
the alteration in brightness arising from the tidal action of the companion. 

The excessive faintness of this massive body is an extraordinary anomaly 
which IS not easily explained From the shape of the orbit, howevei, wo may 
believe that the system has been formed by the usual process, and for some 
reason the companion has lapidly become obscure As the companion is 
apparently still self-luminous, its darkness is not so conspicuous as the exces- 
sive brilliancy of Sinus The change in the color of Sinus since ancient 
times 18 even more remarkable. 


9 AEGtS = /3101. 

a = 71^ , 8 = --18° 38' 

5 yellow , 6 3, yellow 

Di^cove'ied hy Burnham with his celebrated su)c-%ne1i Cla'ilc Refiactor^ Mairh 11, 187‘^ 
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Buinhiain 
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0 68 
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Dembowski 
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2 

Hall 

1882 21 

319 7 

0 36 

4 

Schiaparelli 

1883 11 

336 2 
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1 

Burnham 

1889 08 

76 4 

034 

4 

Burnham 

1890 22 

83 8 

034 

6 

Burnham 
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Bo 

Po 
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1801 06 

91°6 

034 

4 

^ & S(jh 

1892 06 

98 7 

0 22 

3 

Bui Ilham 

1893 94 

2821 

0 44 

3 

Bainaid 

1894 18 

282 0 

0 42 

3 

Barnard 

1894 26 

286 6 

0 36 

3 

Comstock 

1894 86 

287 3 

0 63 

6-4 

Bainatd 

1896 21 

286 2 

042 

2 

Comstock 

1896 26 

286 4 

0 69 

6 

Barnard 

1895 30 

283 8 

0 68 

3 

See 


The first investigation of the orbit was 
lished in the Monthly Notices for June, 1892. 


made by Glasenapp and pub- 
His elements are 


P = 40 64 yeais 
T = 1844 02 
e = 0090 
a = 0"45 


U = 116° 7 
4 == 59°2 
X = 261°.3 
n = +8° 880 
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Buenham revised this orbit, in May, 1893, and by relying on the distances 
as well as the angles, arrived at an apparent ellipse of very different character, 
from which we derived the following elements {Astronomy and Astrophysics, 
June, 1893) 

P = 23 37ryeais Q = 95“ 75 

T = 1892 706 i = 76“ 87 

e = 068 X = 73“ 92 

a = 0"612 n = +16“ 3998 

It did not take long to decide which set of elements was to he preferred.* 
Baenaed examined the star with the 36-ineh refractor of the Lick Observa- 
tory m December, 1893, and found that since 1892.05 the radius vector of the 
companion had swept over about 180°, so that the small star was in the fourth 
quadrant I took occasion recently, while measuring double stars with the 
26-mch refractor of the Leander McCormick Observatory of the University of 
Virginia, to measure 9 Aryus on three good nights The observations confirm 
those of Baee-aed, and show that Bueniiam’s apparent orbit is not far from 
the truth. "With the new measures, it seemed worth while to re-mvcstigatc the 
orbit; accordingly, from a consideration of all the observations, I find the fol- 
lowing elements of 9 Aryhs 

P = 22 00 years ft =96^6 

T = 1892 30 % « 77“ 72 

6 = 070 X = 76“ 28 

a = 0"6649 n = +16“.3636 

Apparent orbit: 

Length of major axis = 0" 941 

Length of minor axis = 0^^ 2G7 

Angle of major axis = 99® 2 

Angle of penastron = 134® 6 

Distance of star from centre = 0" 152 

It is confidently believed that these elements will prove to bo nearly cor- 
rect, in spite of the small number of observations upon which they are based. 


Comparison op the Computed •with Observed Places 
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Oc 

po 

Pc 

Oo Sc 

po — Pc 

n 

Obseiveis 

1875 24 

289°7 

291°7 

068 

o''68 

0 

-2 0 

000 

2 

Dembowski 

1878 60 

302 2 

302 6 

0 46 

0 47 

-0 3 

-0 02 

4 

Cincinnati and Burnham 

1879 68 

306 2 

305 4 

0 38 

0 44 

+0 8 

-0 06 

2 

Hall 

1882 21 

319 7 

324 6 

0 36 

0 31 

-4 8 , 

+0 04 

4 

Schiaparelli 

1883 11 

336 2 

336 7 

0 30 

0 26 

+0 6 

+0 04 

1 

Burnham 

1889 08 

76 4 

73 6 

0 34 

0 33 

+2 8 

+0 01 

4 

Burnham 

1890 22 

83 8 

82 8 

0 34 

0 36 

+10 

-0 02 

6 

Burnham ♦ 

1891 06 

916 

901 

0 34 

0 34 

+1 4 

0 00 

4 

Burnham and Schiaparelli 

1892 06 

98 7 

107 0 

0 22 

016 

-8 3 

+0 06 

3 

Burnham 

1893 94 

2821 

276 8 

0 44 

0 42 

+6 3 : 

+0 02 

3 

Barnard 

1895 30 

283 8 

283 6 

0 68 

0 57 

+0 2 ' 

+0 01 

3 

See 


* Aatronomi^che 27achr lenten, 3297 



88 


^ CANOBI AB = 1 1196 


It Will be seen that the residuals are veiy small for such a close and difiGLcnlt 
star, and it is evident that future observations will not change the present 
orbit materially, although it is desirable to secure additional exact measures 
which will improve the elements as much as possible. If adequate attention is 
given to this object, its orbit will soon he one of the best in the heavens A 
shoit ephemeris is 

t Ot Po 

1896 3 285° 8 0*59 

1897 3 288 8 0 60 

1898 3 291 9 0 69 

As the eccentneity of the orbit is well determined by the rapid motion of 
the companion round the periastron, the established conspicuous magnitude ol‘ 
this element must he regarded as the most remarkable phenomenon of the 
system. 

For the next few years the stai will be relatively easy, and double-star 
obseiwers should give it particular attention 


eCANCRI IB = 21196. 

a = S'* 6"' 2 , 8 = +17° 08' 

5 5, yellow , C 2, yellow 

Ihscovered hj S%r William Ileisehel, Nouemhei 21, 1781 


OBSBRTATrOUS 


t 

6o 

Po 

n 

O'bservers 

t 

6o 

Po 

n 

Obseiveis 

1781 90 

363°5 

If 

1 

Herscliel 

1835 30 

28°8 

11 

1 

MtUlloi 

1825 27 

57.8 

109 


South 

1835 31 

20 2 

114 

3 

Stiuye 


1835 60 

16 7 

— 

3 

Madloi 

1826 22 

57 6 

114 

3 

Stiure 

1836 27 

164 

120 

3 

Struye 

1828 80 

38 4 

1.04 

2 

Stiuye 

1836 31 

161 

— 

5 

Madlci 

1831 16 

318 

134 

5-3 

Herschel 

1836.68 

161 

— 

4 

Dawes 

1831 28 

29 8 

106 

6 

Stiuye 






183130 

30 8 

109 

3 

Dawes 

1840 16 

61 

124 

36-23 ois 

Kaiser 






1840 20 

44 

119 

8 

Dawes 

183212 

27 9 

— 

8 

Hexschel 

1840 29 

, 75 

100 

7 

0 Stiuve 

183212 

27 0 

— 

7 

Dawes 






183219 

31 a 

132 

5 

Bessel 

1841.16 

09 

118 

6 

Dawes 

1832 28 

27 5 

116 

4 

Stiuye 

1841 31 

10 

105 

6-4 

Madlei 

1833 13 

263 

— 

9 

Hexschel 

1842 22 

3663 

118 

6 

Dawes 

1833 21 

262 

119 

9 

Dawes 

1842 26 

3589 

107 

C 

Madler 

1833 27 

221 

116 

3 

Stiuye 

1842 29 

3693 

129 

4 

0 Stiuve 


t (!„ Pc 

1899 8 295 2 0 55 

1900 3 2990 0 51 



C OAlirORI AB = J 1196 


89 


t 

9 0 

po 

n 

Observers 

t 

Oo 

Pc 

n 

Observers 

1843 18 

365°0 

It 

112 

8 

Dawes 

1856 07 

304°2 

n 

i± 

7 

Dembowski 

1843 19 

366 9 

106 

4 

Madler 

1866 21 

306 3 

121 

4-3 

Jacob 

1843 30 

354 3 

1 17 

3 

0 Struve 

1856 23 

309 4 

116 

2 

Morton 






1856 26 

307 2 

0 77 

2 

Secchi 

1844 28 

360 3 

1 16 

4 

0 Struve 

1856 28 

307 5 

100 

2 

Madlei 

1844 39 

364 4 

102 

10 

Mkdler 

1856 31 

307 3 

101 

10-7 

Winnecke 

1846 25 

360 4 

106 

13 

Madler 

1866 93 

296 6 

103 

3 

Dembowski 

1846 31 

347 9 

0 97 

3 

0 Stiuve 

1857 27 

298 4 

0 98 

3 

0 Struve 

1846 83 

349 4 

12 

1 

Jacob 

1857 29 

304 6 

0 96 

3-3 

Madler 

1846 27 

347 6 

102 

16 

Madler 

1867 29 

303 9 

078 

6 

Secchi 

1846 29 

344 8 

0 95 

3 

0 Stiuve 

1867 90 

299 7 

114 

3-1 

Jacob 

1846 29 

344 4 

— 

1 

Jacob 

1868 18 

294 2 

1± 

7 

Dembowski 

1847 18 

344 6 

109 

4 

Madler 

1868 20 

297 6 

105 

3 

Madler 

1847 33 

342 2 

0 96 

6 

0 Struve 

1868 28 

295 6 

0 98 

1 

0 Struve 

1848 13 

338 5 

106 

1 

Dawes 

1869 27 

294 9 

0 98 

8 

Madler 

1848 24 

3381 

106 

6 

Dawes 

1859 30 

286 6 

0 91 

2 

0 Struve 

1848 26 

342 8 

10 

1 

W C Bond 

1860 26 

282 9 

_ 



Dollen 

1848 28 

340 0 

103 

7-6 

Madler 

1860 26 

283 3 




Wagnei 

1848 30 

337 7 

0 91 

6 

0 Struve 

1860 26 

2810 

0 70 

1 

Dawes 

1849 29 

334 2 

111 

6 

Dawes 

1860 26 

284 8 

— 

- 

Schiaparelli 

1849 32 

3361 

0 80 

4 

0 Struve 

1860 27 

2813 

0 81 

2 

0 Struve 






1860 28 

279 9 

— 

- 

D5llen 

1860 29 

332 9 

0 94 

3 

0 Struve 

186028 

282 0 

— 

- 

Wagner 

1860 71 

330 0 

1.03 

1 

M&,dler 

1860 28 

283 4 

— 

- 

Schiaparelli 






1860 28 

285 0 



— 

Winnecke 

1861.18 

333 6 

11± 

3 

Fletcher 

1860 30 

286 0 

102 

5-4 

M&.dler 

1861 21 

329 0 

106 

9 

Midler 






1861 28 

327 2 

102 

3 

0 Struve 

1861 14 

282 8 

— 

5 

Powell 

1861 26 

327 9 

101 

7 

Dawes 

1861 26 

282 2 

0 97 

2 

Madler 






1861 27 

276 3 

0 87 

3 

0 Struve 

1862 16 

329 0 

10± 

3 

Fletcher 






1862 23 

324 4 

106 

3 

Dawes 

1862 31 

267 6 

0 74 

2 

0 Struve 

1852 26 

326 9 

1.06 

6 

Madler 

1862.32 

274 4 

0 97 

4 

Madler 

1862 32 

3217 

0.39 

2 

0 Struve 

1863 13 

263.1 

0 74 

15 

Dembowski 

1863.20 

322 0 

122 

3 

Jacob 

1863 25 

267 3 

0 96 

- 

Leyton Obs 

1853 24 

323 6 

106 

8-7 

Mkdler 

1863 26 

262.5 

0 67 

1 

Dawes 

1863 30 

319 8 

0 97 

2 

0 Struve 

1863 30'? 

2681 

0 70 

1 

Knott 

1854 20 

315 3 

0 98 

3 

Dawes 

1864 16 

256 0 

0 56 

10 

Dembowski 

1864 27 

318 6 

108 

10-9 

Madler 

1864 29 

253 2 

0 71 

2 

Dawes 

1864 29 

320 2 

102 

1 

Morton 

1864 31 

360 0± 0 60 

1 

Englemann 

1854 37 

3219 

— 

12 

Powell 

1864 30 

253 3 

0 72 

2 

0 Struve 

1866 10 

308 6 

1 ± 

7 

Dembowski 

1865 21 

245 7 

0 50 

12 

Dembowski 

1866 19 

312 4 

107 

3 

Secchi 

1865 30 

243 4 

0 63 

3-2 

Dawes 

1865 26 

310 6 

106 

4 

Madler 

1866 33 

246 3 

0 64 

2 

Secchi 

1866.31 

310 3 

0 91 

3 

0 Struve 

1865 36 

2414 

0 61 

3 

Knott 

1856 31 

306 9 

104 

7-6 

Winnecke 

1866 30 

244 0 

0 86 

4 

Englemann 
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t 

6o 

Po 

91 

Observers 

1866 19 

238°4 

062 

9 

Dembowski 

1866 27 

237 8 

0 70 

1 

0 Stiuve 

1866 28 

234 6 

0 40 

2 

Secclii 

1866 31 

233 3 

0 78 

4 

Knott 

1866 37 

2315 

0 72 

1 

Leyton Obs 

1866 94 

228 3 

0 66 

1 

Knott 

1867 08 

229 7 

0 69 

3-1 

Harvard 

1867 22 

224 4 

obi 

9 

Dembowski 

1868 20 

210 9 

06 

7 

Dembowski 

1868 28 

214 7 

0 72 

2 

0 Stiuve 

1869 26 

197 6 

0 64 

1 

Pence 

1869 32 

198 4 

0 62 

2 

0 Struve 

1869 37 

203 6 

0 48 

4 

Diin^r 

1870 08 

1881 

0 64 

6-2 

Harvard 

1870 16 

187 3 

05 

9 

Dembowski 

1870 28 

186 3 

0 66 

4 

0 Struve 

1870 30 

188 3 

0 43 

3-4 

Dun^r 

1870 66 

1810 

02 

2 

Gledkill 

1871 16 

176 6 Contatto 

7 

Dembowski 

1871 26 

1751 

02 

2 

Gledbill 

1871 29 

178 2 

0 66 

3 

Dun^i 

1871 30 

169 4 

— 

— 

Scbainhorst 

1871 31 

1713 

0 59 

3 

0 Struve 

1872 11 

166 7 

06 

2 

Knott 

1872 21 

167 6 

0 70 

3 

Wilson 

1872 23 

162 8 Contatto 

7 

Dembowski 

1872 31 

163 0 

0 68 

3 

0 Struve 

1872 33 

163 3 

0 69 

2 

Dun^r 

187319 

150 2 

05 

10 

Dembowski 

1873 22 

160 9 

06± 

4 

W & S 

1873 28 

152 0 

0 61 

3 

0 Struve 

1873 63 

149 3 

0 56 

2 

Gledhill 

1874 09 

1416 

0 74 

7 

Dembowski 

187413 

1401 

0 45± 

2 

Gledhill 

187418 

.1413 

0 68 

3-2 

W & S 

1874 28 

144 5 

0 64 

3 

0 Struve 

JL87429 

142 8 

0 62 

2 

Dun^r 

187614 

1301 

0 74 

8 

Dembowski 

187626 

128 9 

0 70 

6 

Schiaparelli 

187628 

132 4 

0 62 

3 

0 Struve 

1876 29 

133 3 

0 77 

2 

W & S 

1876 33 

129 6 

0 69 

6 

Dun^r 

187614 

1194 

0 72 

6 

Dembowski 

187626 

120 7 

— 

6 

Doberck 

187629 

11945 

0 66 

2 

0 Struve 
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Po 
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1877 17 

losV 
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7 

Dembowski 

1877 23 

107 9 

0 79 

7 

Schiaparelli 
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0 81 
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Plummei 
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3-2 

Doberck 
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108 0 
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0 74 

1 

Pritchett 

1878 16 

1041 
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Doberck 

1878 18 

100 3 

0 66 

6 

Dembowski 

1878 26 

100 8 

07 

7 

Jecli/ejewicz 

1878 29 

991 

0 76 

3 

0 Stiuve 

1878 32 

102 3 

0 81 

3 

Hall 

1879 27 

931 

0 87 

6 

Schiaparelli 

1879 29 

918 

0 74 

3 

0 Stiuve 

1880 21 

86 2 

0 61 

5 

Hall 

1880 22 

89 8 

0 89± 

6 

Jedi7e]ewi(*z 

1880 24 

88 9 

— 

2 

Dobeick 

1880 29 

85 2 

0 73 

6 

Bui Ilham 

1881 24 

811 

0 91± 

4 

Jedivejewicz 

1881 24 

84 9 

0 84 

6 

Dobeick 

1881 28 

86 8 

0 88 

3 

0 Stiuve 

1881 30 

79 0 

0 71 

3 

Hall 

1881 30 

80 2 

0 92 

6 

Schiapaielh 

1881 31 

73 7 

0 77 

2 

Piitchett 

1882 09 

76 7 

0 74 

1 

Bigouidan 

1882 20 

73 3 

0 79 

4 

Hall 

1882 22 

76 2 

106 

6 

Englemann 

1882 26 

751 

0 98 

6 

Schiapai elli 

1882 26 

76 0 

0 94± 

4 

Jedizejewicz 

1883 24 

72 4 

105 

6 

Englemann 

1883 29 

69 3 

100 

6 

Schiapaielh 

1883 31 

66 4 

0 82 

4 

Hall 

1884 19 

62 7 

106 

3 

Peiiotin 

1884 22 

619 

* 

8 

Bigouidan 

1884 26 

63 9 

0 98 

7 

Schiapaielh 

1884 26 

60 6 

0 98 

3 

0 Stiuve 

1884 27 

64 6 

0 88 

5 

Hall 

1884 28 

67 0 

0 94 

4 

Englemann 

1884 38 

64 4 

— 

3 

Sea & Smith 

1886 27 

69 0 
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2 
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1886 29 

58 0 

104 

5 
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1885 29 
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106 
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Sea & Smith 
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Hall 

1886 29 
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Jedrzejewicz 
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108 
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Englemann 
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1891 24 
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3 
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121 
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3 

Maw 

1888 25 
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4 

Hall 
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Smith 
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111 

11 
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104 

9 

Schiaparelli 
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30 4 

110 

6 
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45 8 
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0 Struve 
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3 

Jones 
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414 
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1 

Maw 

1893 20 

27 2 

0 98 

2 

Comstock 

1889 17 

42 0 

120 

4 
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1893 22 

26 4 

1.07 

3 

Maw 

1889 19 

40 3 

105 

3 

Leavenworth 

1893 24 

27 6 

112 

13 

Schiaparelli 

1889 21 

40 7 

108 

12 

Schiaparelli 

1894 15 

26 0 

147 

1 

Ehell 

1889 21 

43 4 

— 

2 

Glasenapp 

1894 16 

23 8 

124 

3 

H C Wilson 

1889 23 

43 6 

0 99 

6 

Hall 

1894 23 

22 9 

0 93 

3 

Comstock 

1889 28 

43 7 

123 

2 

0 Struve 

1894 24 

23 5 

108 

13 

Schiaparelli 

1889 29 

40 9 

1 07 

3 

Maw 

1894 24 

25 0 

105 

4 

Maw 

1890 23 

37 2 

11 1 

9-7 

Scliiapaielli 

1894 39 

23 2 

139 

6-4 

Bigourdan 

1890 26 

36 4 

0 95 

2 

Comstock 

1895 23 

219 

122 

2 

Lewis 

1890 28 

,36 9 

0 99 

4 

Hall 

1895 23 

20 9 

101 

3 

Comstock 

1891 05 

.32 3 

1 04 

5-4 

Llint 

1896 27 

171 

109 

1 

Davidson 

1891 21 

.34 3 

1 14 

9-10 

Schiaparelli 

189628 

22 8 

113 

4 

See 


The closer components of this ternary (or quarteraary) system haye been 
found to revolve rapidly m a period of about sixty years, while the remote 
component moves much more slowly, and probably will complete its orbit in 
six or seven centuries Both stars move retrog'rade, and the system thus made 
up 18 one of groat interest to the physical astronomer. Prom the time of 
■William Struve the observations are both abundant and exact, and hence 
the orbit of the close pair can now be determined with a high degree of pre- 
cision "We shall treat only of the close binary, neglecting the remote com- 
panion and the dark body which Pboebssoe Sbbliger supposes to- attend it. 
It IS evident that the third component will exercise a considerable disturbing 
influence upon the close pair, but Peobbssoe Sbbligbr has shown that this 
influence is probably obscured by the large errors incident to the measurement 
of a system which is nevdT much wider than one second of arc. A.ssuming 
that the motion will be sensibly undisturbed, we shall deduce the orbit of the 
closer pair by the same process which is employed in the case of other binaries. 
The motion of this system has been investigated by numerous computers; the 
following list of orbits is fairly complete: 
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1 ^ 

T 

e 

a 

ft 

1 

A 

Authority 

Soiii ce 

58 91 

58 27 

42 501 
58 94 

58 23 
60 45 
62 4 

59 486 

60 3 

59 11 

1853 37 
1816 687 
1805 67 
1815 53 
187244 
1869 9 

1869 3 

1870 82 
1866 0 
1868 112 

0 2346 

0 444 

0 4743 

0 256 

0 3023 

0 365 

0 353 

0 3318 

0 391 

0 3819 

l"292 

0 892 

1 013 

1 030 

0 908 

0 908 

0 908 

0 886 

0 853 

0 853 

t°47 
33 67 
10 52 
18 4 
150 3 
107 5 
tooo 
358 05 
81 55 
80 18 

63°3 

24 01 
65 65 
48 6 

36 24 
23 5 
20 7 
18 52 
15 .53 
11 13 

266°0 
133 01 
227 15 
1419 
171 78 
85 3 
199 0 
188 55 
109 73 
109 73 

Macllei, 1840 
Madlei, 1848 

VillaiceaiTlS-lO 
WinneckelSnr) 
Pluinmei, 1871 
Flam, 1878 
0 Sti live, 187 1 
Dobeick, 1880 
Seeligei, 1881 
Seeligei, 1888 

Doipat obs IX, p 177 
Fixt -Syst I, p 2 18 

AX 967 

MN XXXI, p 195 
Caial (1 <*t (bmb ]> 19 
Oil LXXIX, p 1467 

A N 2 ; 122 [1881 

Wuni Ab.wl LXXXIII, 
Akadd Wiss .Mum ’«S 


An examination of all the measures led to the mean places given hi the 
accompanying table; from these we find the following elements 


Apparent orbit* 


P = GO 0 yeais 
T = 1870 40 
6 = 0 840 
a = 0"8r)79 


= 88°7 
* = 7°4 
X = 264° 0 
n = -6° 000 

F701 
1" 082 
8 ° 8 
184° 0 
0" 290 


Lengtli of Ilia] 01 axis = 

Length ot miuoi axis == 

Angle of ]ua]or axis = 

Angle ot peiiastion = 

Distance of stai fioni ccntie = 


The comparison of the cominited with the observed placets shows a good 
agreement, and indicates that no radical change ui the above* elements is to be 
expected. The period is perhaps uncertain by half a year, while llie eeceiitricily 
can hardly be varied by more than ±0 03. The motion extends over more 
than one hvolntion, and is well represented by the above elements m all parts 
of the orbit The apparent ellipse is remarlcablc for its circulaiity, and the 
small inclination renders the motion almost the same in the apiiaront as in the 
real orbit The general interest thus attaching to this system is gri'atly 
enhanced by problems arising from the pcitnrhatioiis ol the third star and its 
theoretical companion 


Comparison op Computed -wiiir Observed Places 
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1826 22 
1828 80 
1831 29 

1832 23 
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1 57 6 
38 4 
30 3 
29 4 
24 2 

359°6 
59 0 
55 0 
441 
34 9 
: 30 9 
! 28 C 

n 

109 

114 

104 

107 

il23 

1117 

n 

114 
0 96 

0 98' 

1 03 
107 

109 

1 10 

Qi CO ^ ^ 

+ 1+1 1 1 1 

u 

+ 013 
+ 016 
+0 01 
±000 
+014 
+007 

1 

3 

2 

9 

9 

12 

Herschel 

South 

Struve 

Struve 

Struve 6, Dawes 3 

Bessel 5 , Struve 4 

Dawes 9, Struve 3 
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23121 


A more ciitieal investigation of these pioblems will commend itself to the 
attention of astronomers; the best lesults will depend upon the i eduction of 
‘exact observations by the refined methods of analysis. In the present state of 
micrometrical measurement, a very refined treatment is seriously embairassed 
by the eriors of observation, but the methods of physical Astioiiomy ought 
eventually to enable us to improve the theory of the motion of the system, 
which IS heie taken as undistmbed 

The following is a short ephemeris for the use of obsei vers . 
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2 ’ 3121 . 

a = S'* 12“ 1 , S = +20“ 0' 

7 2, white , 7 6, yellowish 

Discomed hy Wilha,M Stuive %n 1831 
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"William: Steuvb rated the magnitudes of the components of this pair ai 
7.5 and 7 8* respectively. Eecent observations with the 26-inoh refractor of the 
Leander McCormick Observatory of the University of Virginia convince the 
wnter that the brightness of the components has been over-estimated by at 
least a whole magnitude. The star is close and very faint, and the natural 
difficulty of the object will doubtless account for the rather large discordances 
in some of the observations. , 

As S3121 has been observed for many years, and the pair revolves with 
great rapidity, several orbits have been determined by previous investigators 
The following is believed to be a complete hst of the elements hitherto pub*- 
lished; 
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* Astronomical Journal^ 349 
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Prom an investigation of all the observations, I find the following elements 

P = 34 00 yeais Q, = 28“ 25 

T = 1878 30 i = 75“ 00 

e = 0 330 X == 127“ 52 

a = 0" 6692 »= +10“ 5883 

Appaient orbit 

Length of majoi axis = 1" 318 

Length of minoi axis = 0" 349 

Angle of ma]oi axis == 27° 4 

Angle of peiiastion = 189° b 

Distance of stai fiom ceixtei = 0^' 142 
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Some of the observations are vitiated by sensible systematic errors, so that 
occasionally our best observers differ by so much as 12°; and in succeeding 
years the angles are made to retrograde where they ought to be steadily 
advancing Under these circumstances the residuals may be considered small, 
and the elements very satisfactory for so close and difficult a star In following 
this star, observers should take eveiy precaution against systematic error, since 
the orbit is highly inclined, and a small error in angle greatly affects the dis- 
tance Good observations are essential for any further improvement of the 
elements • 
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Since the companion is now approaching its maximum distance, the stai’ 
will be relatively easy for a numbei of years 


01 LEONIS = Sl35e. 

a = dh 23^ 1 , 8 3= 30' 

6, yellow , 7, yellow 

Discovered by Sir William Hersehel, February 8, 1782 
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Dawes 

1841 35 
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0.3 

1 

Mtldler 

1842 21 

249 8 

elong 
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Mddler 

1842 31 

302 3 

0 3 

4 

0 Stiuve 

1842 33 

einfach 

1 

Miidler 

1843 30 

einfach, 

rtmd 

3 

Madler 

1843 30 

316 8 

0 37 

2 

0 Struve 

1844 29 

320 9 

0 48 

3 

0 Struve 

1844 32 

337 0 

0 32 

4 

Madler 

1845 31 

3211 

0 44 

3 

0 Struve 

1846 28 

326 9 

0 36 

11 

MSidler 

1846 30 

322.9 

0 46 

2 

0 Struve 

1847 28 

337 0 

0 37 

3 

Madler 

1847 33 

328 8 

0 63 

2 

0 Stiuve 
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t 

ec 

Po 

n 

Observers 

t 

do 

pc 

n 

Obsciveis 

1848 32 

332°1 

043 

4 

0 Stiiive 

1870 24 

44° 4 

0 2n± 

5-1 

Pence 

1848 35 

346 8 

0 38 

1 

Madlei 

1870 28 

53 6 

0 58 

2 

0 Stiuve 






1870 30 

37 9 

0 27± 

2 

Dunei 

1849 32 

3318 

0 43 

3 

0 Stinve 






1850 63 

335 8 

0 49 

3 

0 Stiuve 

1871 16 

52 6 

cuneo 

3 

Dembowski 






1871 30 

66 7 

0 57 

3 

0 Stiuve 

1851 23 

342 6 

0 35 

9 

Madler 

1871 31 

42 7 

03± 

1 

Dum^i 

1852 30 

360 0 

0 47 

4 

Madlei 

1872 18 

66 3 

0 48 

2 

Wilson 

1852 66 

3391 

0 46 

3 

0 Stinve 

1872 31 

58 8 

0 52 

2 

C) Stiuve 

1853 18 

343 3 

0 46± 

2 

Jacob 

1873 23 

56 2 


2 

w & s 

1853 27 

346 3 

0 36 

7-6 

Madler 

1873 29 

67 0 

04± 

1 

Gledliill 

1853 96 

350 0 

04± 

2 

Jacob 

1873 58 

62 0 

conlatto 

5 

Dembowski 

1854 23 

346 2 

0 56 

2 

Dawes 

1873 96 

63 6 

0 59 

3 

0 Stiuve 

1854 28 

348 3 

0 63 

10 

Mkdler 











1876 25 

64 6 

046 

5 

Dembowski 

1855 27 

obi 

— 

2 

Madler 

1875 26 

62 7 

0 49 

7 

Scliiapaielli 

1855 32 

348 7 

0 47 

2 

0 Struve 

1876 31 

66 8 

043 

5 

Dmidi 

1856 34 

62 

— 

1 

Winnecke 

1875 32 

66 4 

0 69 

3 

0 Stiuve 

186620 

obi 

— 

1 

Madlei 

1876 16 

69 4 

044 

2 

Dembowski 

1866 42 

10 

0 36 

10-7 

Secchi 

1876 24 

52 7 


3 

Doberck 

1867 28 

3581 

0 62 

1 

0 Stinve 

1876 27 

73 6 

0 56± 

2 

W &S 

1867 31 

obi 

— 

1 

Madler 

1876 29 

66 6 

0 67 

2 

0 stiuve 

1857 54 

43 

043± 

3 

Jacob 










Cl 

1877 21 

77 2 

0 88 

1 

Copeland 

1868 28 

16 2 ’ 

— 

1 

Madlei 

1877 21 

712 

0 64 

5-1 

Plummei 

1869 25 

16 7 

0 36 

4-3 

Madler 

1877 21 

73 0 

0 51 

3-1 

Dobeick 

1859 30 

67 

0 60 

2 

0 Strnve 

1877 27 

70 7 

0 47 

7 

Scluapai olli 






1877 28 

716 

0 64 

2 

0 Stiuve 

1860 28 

92 

— 

- 

Winnecke 

1877 36 

76 6 

0 41 

2 

Dembowski 

1860 28 

10 2 

0 62 

2 

0 Strnve 






1860 33 

191 

0 25 

1 

Madler 

1878 11 

70 3 

0 63 

2 

Bui Ilham 






1878 26 

80 3 

0 50 

1 

Doberck 

1861 28 

119 

0 66 

2 

0 Strnve 

1878 28 

74 7 

0 44 

5 

Dembowski 

1862 32 

18 6 

elong 

2 

Madler 

1878 63 

77 7 

0 60 

3 

0 Stiuve 






1878 95 

74 4 

0 41 

6 

Hall 

1864 30 

29 2 

0 52 

1 

0 Strnve 






1864 89 

24 

cuneo 

4 

Dembowski 

1879 31 

76 6 

0 55 

7 

Schiapaielh 

1865 67 

23 0 

0 50 

8 

Englemann 

1879 78 

79 8 

0 51 

4 

Burnham 

1866 30 

32 9 

03 

1 

Secclii 






1867 08 

109 4 

elong 

1 

Winlock 

1880 23 

79 7 

— 

1 

Bigouidaii 

1867 08 

126 7 

elong 

1 

Searle 

1880 26 

95 2 

obi 

4 

Jedrzejewicz 

1867 32 

29 3 

elong 

1 

Winlock 

1880 26 

81 3 

0 46 

6 

Hall 

1867 87 

Kreisrund 

1 

Yogel 

1881 10 

810 

0 61 

2 

Bigou,idaii 

1868 21 

166 

elong 

1 

Peirce 

1881 24 

82 3 

0 60 

6-2 

Doberck 

1868 63 

443 

0 65 

3 

0 Struve 

1881 26 

98 7 

obi 

2 

Je^izejewicz 






1881 28 

83 7 

0 68 

2 

0 Struve 

1869 13 

317 2 

elong 

1 

Peirce 

1881 31 

84 3 

0 48 

4 

Hall 

1869 26 

36 7 

elong 

1 

Peuce 

1881 33 

84 4 

0 58 

5 

Schiapaxelli 
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t 

e. 

po 

n 

Observers 

t 

Oo 

Po 

n 

Observers 

1882 12 

77°3 

ff 

1 

Doberck 

1888 21 

974 

0 68 

3 

Tan ant 

1882 12 

80 5 

— 

1 

Copeland 

1888 26 

916 

— 

3 

Smith 

1882 23 

80 0 

0 66 

7 

Englemann 

1888 27 

98 5 

0 68 

6 

Schiaparelli 

1882 27 

83 3 

0 66 

3 

Doberck 

1888 29 

98 3 

0 66 

6 

Hall 

1882 30 

841 

0 49 

4 

Hall 

1888 33 

94 9 

0 87 

2 

0 Stnive 

1882 34 

86 7 

0 61 

2 

0 Struve 

1888 67 

96 8 

0 71 

7 

Lv 

1882 36 

90 0 

0 65 

4 

Sehiapaielli 

1889 19 

941 

0 70 

1 

Hodges 

1883 24 

85 8 

0 62 

6 

Englemann 

1889 29 

99 8 

0 67 

6 

Hall 

1883 31 

90 6 

0 65 

6 

Schiaparelli 

1889 32 

100 2 

0 65 

9 

Sehiapaielli 

1883 34 

90 9 

0 62 

3 

Hall 

1890 27 

1018 

0 68 

2 

Comstock 

1884 18 

90 6 

0^5 

2 

Perrotin 

1890 31 

1012 

0 64 

4 

Hall 

1884 23 

914 

0 66 

4 

Englemann 

1890 31 

1016 

0 68 

4 

Sehiapaielli 

1884 26 

87 6 

0 71 

2 

0 Struve 

1891 21 

1021 

0 76 

2 

Bigourdan 

1884 30 

913 

0 58 

5 

Sehiapaielli 

1891 28 

1012 

0 75 

6 

Hall 

1884 32 
1884 34 

93 3 
90 6 

0 55 

4 

10 

Hall 

Bigoiudan 

1891 31 

103 9 

0 66 

5 

Sehiapaielli 

1884 39 

85 9 

10± 

3-2 

Sea & Sm 

1892 25 

102 4 

0 77 

3 

Maw 

1885 27 

90 6 

0 72 


Englemann 

1892 26 

104 9 

0 72 

7 

Schiaparelli 

3 

1892 27 

104 6 

0 87 

' 5 

Lv & Col 

1885 17 

93 3 

— 

1 

Dobeick 

1 

1885 31 

93 7 

0 58 

4 

Schiaparelli 

1893 26 

1016 

0 61 

Comstock 

1885 31 

93 9 

0.69 

2 

Tan ant 

1893 28 

106 7 

0 70 

9 

Schiaparelli 

1885 35 
1885 72 

88 9 
90 9 

100± 

0 70 

1 

2 

Smith 

Perrotin 

1894 22 _ 
^94 23 ' 

104 6 
106 6 

130 

0 67 

1 

3 

Bigourdan 

Comstock 

1886 24 

901 

119 

2-1 

Sea & Sm 

1894.26 

103 3 

0 74 

2 

9 C Wilson 

1886 32 

92 2 

0 73 

6 

Englemann 

1894 26 

106 7 

0 76 

8 

Schiaparelli 

1887 26 

95 0 

0 62 

9 

Schiaparelli 

1894 88 

287 4 

0 94 

3 

Barnard 

1887 30 

95 6 

0 63 

4 

Hall 

1895 24 

1061 

0 67 

3 

Comstock 

1887 37 

94 0 

— 

1 

Smith 

1896 28 

106 1 

0 83 

2 

See 


At the time of discovery Sik "WilI/TAM Heesoheli estimated the position- 
angle * to be between 95° and 100°, but later in the year found by measurement 
that the angle was 110° .9. The pair was soon found to be m slow orbital 
motion, and in 1804 Heksohel concluded that since 1782 the change in angle- 
had amounted to -|-19° 59', and that the distance had sensibly increased. When 
the star was fhus recognized as binary, it naturally claimed the attention of 
the principal double-star observers, and accordingly since the time of Steuvb, 
a long list of measures has been secured But while ■the closeness of the com- 
panion in most parts of the apparent ellipse has made the pair a classic test- 
object for the dividing power of small telescopes, it has, on the other hand, 
rendered micrometrical measurement extremely difficult, and some of the observa- 
tions are therefore far from satisfactory. In spite of the fact that the measures 
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100 


a LEOJriS = 


are sometinies difficult to reconcile, tbe ausles and distances of the 1-ost oV 
serrers, wicn propeily combined, m conjn.ifl.on with the imiMtant iniiicplc 
of the prese.-v.tion of ai-eas, enable .m to Bn the appaiont ellipse with a rol^a- 
tively high degree of piecieioii, and the lesnlting elements a.e found to he 
incapable of anj Urge va.-iat.on The mbit is based eliieiiy upon the observa- 
tione of HEKSCEffl,, STEtrvB, O Stbuvb, Da-wes, Demho-wski, Bniwi.iAM, lUr.i, 
a^i^.ninvTT.T and the measuies -which the wi-itei recently seemed at (lie 
MoOoimick Obseivatorj in Virginia The oloments of o. Looms ai-c. 


Apparent orbit* 


P 

T 

e 

d 


116 20 yeais 
1842 10 
0 537 
O'' 88241 


S 

i 

X 

n 


Length of majoi mti 
Length of niinoi fixia 
A-iigle of ina]oi axis 
Augle of peiiastioii 

o4-m (trim 




14()°7t) 
br 47 
124° 22 
+ 3° 0081 


1" GTG 
0" 738 
141M 
293“ 4 
0"317 


Several astronomers have previously investigated llio oibil of thin htav; 
the follo'wing table gives the elements hitherto published 


p 

T 

e 

a 


-9 

% 

1 

Autlioiily 

82 533 

1849 76 

0 6434 

0*857 

135 2 

4(°57 

1H5 45 

MlUllc'i, 1841 

117 577 

1843 408 

0 6256 

0 8505 

150 83 

50 61 

120 -15 

MIUlloi, 1849 

133 35 

1846 44 

0 3605 

0 703 

111 85 

57 2:i 

217 ;i7 

Khnlceif IHrK) 

227 7T 

1841 40 

0 7225 

1 307 

169 2 

()() 22 

8117 

Kluilccnl liSHb 

14241 

1843 39 

0 6286 

1092 

162 22 

64 42 

107 16 

Kluikeif 18.58 

1364 

1844 2 

0 62 

195 

160 6 

524 

113 4 

Khntoilnea 

107 62 

1842 77 

0 5028 

— 

151 57 

66 37 

122 9 

DoTjeick, 1876 

110 82 

1841 81 

0 536 

0 890 

148 77 

64 08 

121 07 

Dolicick, 187() 

114 56 

1841 57 

0 5610 

0 85 

149 26 

64 08 

122 ;t 

DoToei ok 

116 30 

1841 99 

O' 5379 

0 864 

1471 

6415 

122 9 

Hdl, 18<)2 

116 87 

1842 16 

0 533 

0 8753 

146 9 

63 06 

125 32 

See, _1894 


Souive 

t)oip Otis l>i,19.S 
Pi\t Kyst I, ]) 259 
A N il9() 

A N 990 
AN 1127 

Tlieoi Aslioii p .'195 
AN 2078 
A N 2()<)5 

A J 2(1<) 

AN Ii3n 


COMPA.KISON or CoMPUl'KI) WITH ObSKRVKI) Plaohs 
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Po 
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po— Po 

71 

01)seiv<‘is 

1782 86 

110°9 
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It 

0*89 
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1 

Heischol 
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— 

108 

+ 06 

— 

2 

Herscliel 
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1539 

160 4 

0 97 
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+ 36 
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5 

Struv'e 

1832 25 

1634 
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0 63 

0 62 

- 16 
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3 

Stiuve 

1833 29 

1728 

168 8 

0 45 

0 47 

+ 40 

-002 

3 

Sfcivive 

1835 33 

1783 

179 9 

03± 

0 36 

- 1 6 

-0 05 

3-1 

Struve 

1836 28 

1768 

187 8 

0 36 

0 30 

-no 

+0 06 

7-2 

2. 3-2 , 02 .3-0 , Miuller 1 0 

1840 29 

2476 

263 8 

03 

0 21 

-16 3 

+009 

2 

0 Struve 

1841 26 

274.2 

2816 

03 

0 24 

- 74 

+0 06 

2-1 

Dawes 1-0, Madlei 1 

1842 31 

3023 

2958 

0 3 

0 28 

-1- 66 

+0 02 

4 

0. Stiuve 
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t 

9c 

9c 

Po 

1843 30 

316°8 

5062 

II 

0 37 

1844 31 

3209 

312 3 

0 48 

1845 31 

3211 

317 9 

044 

184() 30 

322 0 

322 6 

0 46 

1847 31 

328 8 

326 8 

0 63 

18 18 32 

3321 

330 5 

043 

1840 32 

331 8 

334 0 

0 43 

1860 63 

335 8 

338 2 

0 49 

1861 23 

342 6 

3401 

0 35 

1862 48 

344 6 

3441 

0 46 

1863 47 

346 6 

347 0 

0 45 

1864 26 

347 2 

349 4 

0 54 

1865 32 

348 7 

3631 

047 

1866 42 

10 

356 3 

0 36 

1867 41 

24 

359 6 

0 47 

1860 27 
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56 

OGO 

1860 30 

346 

9 2 

0 62 

1861 28 

no 

12 8 

0 56 

1864 60 

24 0 
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0 52 

1865 67 
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2<S 1 

0 50 

1866 30 

32 9 

31 7 

0 30 

1868 63 

44 3 

40 7 

0 55 

1870 2<S 

47 3 

171 

0 68 

1871 30 

49 7 

61 0 

0 57 

1872 31 

68 8 

64 7 

0 52 

1873 62 

GO 3 

69 2 

0 52 

1876 27 

64 7 
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0 46 

1876 21 

71 4 

67 7 

049 

1877 26 

72 9 

71 3 

0 66 

1878 40 

74 9 

74 8 

0 63 

1879 64 

78 2 

77 7 
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1880 24 

80 2 

79 7 
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1881 24 

83 0 

821 

0 64 

1882 29 

84 4 

84 7 
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1883 30 

89 2 

871 

0 63 

1884 27 

91 4 

89 2 

0 68 

1885 37 

92 9 
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0 66 

1886 32 

93 2 

93 3 
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94 9 
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0 67 
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981 
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0 66 
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1894 36 
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+ 
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14-13 
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+ 
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Obbcivius 


O Stiuve 
0 Stiuvc 
0 Stiuve 
0 Stiuve 
0 Stiuve 
() Stiuve 
0 Stiuve 
O Stiuve 
Mfidlei 

Mfullei 4 , 0 kS till VO 3 
Jacob 2 , jMc'ldlei 7-6, Jdoob 2 
Dawea 2, Madlci 10 
(3 Stiuve 
Se(‘c la 

O Stiiivo I , Jdiob 3 
Maillei O Stiuve 2 

0 Stiuve 2, IVIadloi 1 
() Stiuve 

() Stiuve 1, Dcnibawski UO 
Fjni;leiuaini 
Sooi In 
() Stiuve 

l*i‘ui*en-1 , () Sl.iuv(‘2, Duium 2 
DeuibowHki 3-0, 02^ 3, Du I 
0 Stiuve 

W & S 2-0, G1 1, I3em>fi-0, 
Dem 5, Soh 7; Du 6 [02 S 

Dem 2, W- & S 2 [Oop 0-? 
K DkS-l, Soh 7, 

/3 2; Dk 1; I>m 5j 
Sohiaparelli 7 , Burnltm 4 
Bigouxdan 1-0 , Hall 6 
Big 2, Dk 6-2, HI 4, Sch 5 
Ell 7, Dk 3, HI 4, Sch 4 
Ell 6 , Sch 6 , 111 3 [Big 10-0 
Pei 2, Ell 4, Sell n, Hall 4, 
Dk 1-0, Sell 4, Tai 2, Pei 2 
Blugleiiiaiin 

Sell 9, Hall 4; Smith 1-0 
Tariaiit 3 , Sell C , Hall 6 
Hall i ) , ScKiaparelli 9 
Hall 4 , Comstock 2 , Sch 4 
Hall 6 , Bigoiudaii 2 , Sell 
Maw 3 , Sch 7 , Lv & Col 6 
Coinbtock 1-0 , Scliiapaielli 9-5 
Ihg 1-0 , Com 3-0 , HOW 2 , 

1 See [Sch 8 , Bai 3| 


The elements given alDOve confirm the Biihstantial accuracy, of the orbit 
found by Hall, and repiesent the observations as a whole remarkably well- 
The changes which future observations will introduce are likely to be very 
small. 
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<f TJESAE MAJOBIS = 02:208 


The following is an ephemeiis for the next five yeais: 

Ephbmebis 


t 

Be 

Pc 

t 

Be 

1896 38 

loii 

085 

1899 28 

112 4 

1897 28 

1100 

0 87 

1900 28 

113 6 

1898 28 

1112 

0 88 




It 18 to he noted that the distance is steadily inci easing, and that for 
many years the pair will be relatively easy A number of observers of late 
years have sensibly underestimated the distance. Owing to the closeness of 
(oLeoms and its slow orbital motion, one would naturally think that this bril- 
liant system probably has a small mass, and is comparatively near us in 
space, for if the mass be large, the slow motion of so close a system would indi- 
cate that It IS very remote, and the resulting brightness of the components 
would be very great. The eccentricity of this orbit is so well determined that 
the value given above can hardly be in error by so much as 0 . 01 , and a cor- 
rection of half this amount does not seem probable. 


g-UKSAE MAJOEIS = 02 - 208 . 

a = Qh 45"' 3 , 8 = +640 33/ 

5 5, yellowish , 5 5, yellowish 

Discovered hy Otto Struve m 1842 


Observations 


t 

Oo 

Pc 

n 

Observers 

1842 30 

4 “ 2 

042 

1 

Madler 

1842 35 

85 

0 62 

2 

0 Struve 

1843 37 

66 

0 48 

3 

Madler 

1843 47 

188 5 

0 39 

1 

0 Struve 

1844 26 

186 6 

0 51 

1 

0 Struve 

1846 01 

193 8 

0 45 

3-2 

Madler 

1846 37 

92 

042 

1 

0 Struve 

1847 41 

196 8 

0 30 

2 

Madler 

1847 41 

121 

036 

1 

0 Struve 

184840 

104 

0 35 

2 

0 Struve 

1850 39 

16 0 

033 

2 

0 Struve 

1861 39 

207 2 

031 

4 

Madler 

1851 40 

13 7 

0 33 

2 

0 Struve 


t 

Oo 

Po 

n 

Observers 

1862 39 

16°! 

032 

2 

0 Stiuve 

1862 40 

209 8 

0 26 

4 

Madler 

186340 

16 7 

0 34 

3 

0 Struve 

1864 28 

26 9 

04± 

1 

Dawes 

1864 37 

23 3 

0 42 

1 

0 Struve 

1867 34 

30 6 

03 

1 

Secchi 

1858 41 

361 

0 40 

3 

0 Struve 

1869 37 

43 9 

0 33 

1 

Wmnecke 

186939 

37 6 

0 36 

2 

0 Struve 

1861 40 

65 0 

0 44 

1 

Wmnecke 

1861 41 

48 6 

0 37 

2 

0 Struve 

1862 39 

46 8 

0 38 

1 

0 Struve 

186443 

48 6 

0 27 

1 

0 Struve 
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t 

6o 

Po 

n 

Observers 

t 

00 

Po 

01 

Obseivoia 

1806 27 

46°5 

<o''4 

1 

Engleinann 

1882 19 

139°() 

<02 

3 

Engloniami 

1866 42 

48 2 

0 24 

1 

0 Stiiive 

1882 34 

342 0'-' 

— 

1 

0 Stiuve 

1869 40 

45 0 

oblong 

2 

Dun^i 

1887 4.^ 

218 9 

0 23 

4 

Scliiapaielli 

1870 42 

815 

oblong 

2 

Dun^i 

1888 43 

220 3 cuneitoiino 

1 

CJ. Stiuve 

1872 41 

77 7 

0 23 

2 

0 Stiuve 

1889 39 

214 0 ceit elong 

1 

0 Stiuve 

1873 44 

87 6 

■ 

1 

Lindemann 

1892 13 

250 8 

0 24 

3 

Bui Ilham 

1873 46 

96 6 

oblong 

3 

0 Stiuve 

1892 31 

60 4 

0 29 

1 

Bigoiudaii 

1873 47 

95 4 

— 

1 

H Biulins 

1892 58 

single 

— 

1 

Comstock 

1875 47 

1161 

oblong 

2 

0 Stiuve 

1893 36 

339 55 

0 30 

1 

Soliiapaielli 

1876 42 

54 0 elongated^ 

1 

0 Stiuve 

1894 26 

lound 


1 

Comstock 

1877 43 

single 

— 

1 

0 Stiuve 

1894 40 

82 7 

— 

3 

Bigoui dan 

1879 44 

single 

— 

1 

0 Stiuve 

1895 73 

276 2 

0 29 

3 

See 


Although this close and rapid binary was discovered by Otto Steuve, 
the first obsei ration was secured by Madlbr, whose measures supplement 
Struve’s work in a very happy manner, and enable us to fix the original posi- 
tion of the companion with much precision For a long time these two astrono- 
mers alone followed the motion of the system, but in later years it has received 
occasional attention from several other observers. The stars are nearly equal 
m magnitude, and hence a few of the recorded angles require a correction of 
ISO’ The arc already described amounts to about 270% and as this covers tlie 
most cntical parts of the orbit, most of the elements are defined with tho 
desired precision. The chief difficulty encountered by observers lies in the 
closeness of the components, which places them beyond the reach of small, and 
even of model ate-sizod, telescopes The pair is, howcvei, gradually widening 
out, and in a few years will be much more accessible to measurement. 

The following elements of this star have been published by previous com- 
puters . 


P 

T 

e 

a 

Si 


1 

Antlioiity 

Source 

yrs 

115 4 
919 

1877 12 
1886 4 

0 788 

0 46 

If 

0 64 

0 29 

106 3 
166 7 

57°95 
34 7 

0 

721 

19 0 

Casey, 1882 
Glas , 1892 

A IT 2417 

AN 3119 


Using all the available measuies, 

P = 97 0 yeais 
T = 1884 0 
6 = 0 440 
a = O'' 3443 


wo find the following elements 

Si = 160° 3 
I = 30° 5 
\ = 15° Q 
n = +3° 71U 
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^ UESAE MAJOlUS 

Apparent orbit: 

Length, of major axis 
Length, of minor axis 
Angle of major axis 
Angle of periastron 
Distance of star fiom ceiitie 

It will be seen that this orbit is essentially similar to that found by 
Glasbnapp. The table of computed and observed places shows so satisfactory 
an agreement for this close and difficult object that we may regard these ele- 
ments as substantially coirect, and confidently conclude that such alterations 
as future observations may render necessary will be of minor importance 


= 0.1208 


= 0 " 09 

= 0" r>.’> 

= 107° 6 
= 174° 1 
= 0" 149 


Comparison op Computed with Observed Places 


t 

e. 

e. 

Po 


o 

0 

n 

1842 32 

63 

40 

0 47 

184342 

70 

57 

0 43 

1844 26 

66 

70 

0 61 

1846 19 

11 5 

101 

0 44 

1847 41 

14 4 

12 0 

0 33 

1848 40 

10 4 

13 8 

0 35 

1850 39 

15 0 

17 2 

0 33 

1861 40 

20 4 

191 

0 32 

1862 40 

22 9 

20 9 

0 29 

1853 40 

16 7 

22 9 

0 34 

»1854 32 

24 6 

24 7 

0 41 

1857 34 

30 6 

313 

0 30 

1858 41 

361 

33 9 

0 40 

1859 38 

40 8 

36 2 

0 34 

1861 40 

48 5 

418 

0 40 

1862 39 

46 8 

44 6 

0 38 

1864.43 

485 

512 

0 27 

1866 34 

47.4 

618 

0 32 

1869 40 

46 0 

70 0 

oblong 

1870 42 

81 5 

76 6 

oblong 

1872 41 

77 7 

86 4 

0 23 

1873 46 

96 0 

92 4 

oblong 

1875.47 

1161 

1051 

oblong 

1877.43 

single 

118 9 

single 

1879 44 

single 

134 7 

single 

1882.26 

160 5 

149 6 

0 20 

1887 43 

218 9 

206 6 

0 23 

1888 43 

220 3 

2161 

enne 

1889 89 

214 0 

225 2 

elong 

1892 13 

260 8 

248 3 

0 21 

1893 36 

249 6 

2671 

0 30 

1894 40 

262 7 

264 0 

— 

1895 73 

276 2 

2716 

0 25 


pc 

6 o — 9 c 

po — Pc 

n 

H 

0 48 

+ 2.3 

—0*01 

3 

0 47 

+ 13 

-0 04 

4 

0 47 

- 04 

+0 04 

1 

0 46 

+ 14 

-0 02 

4-3 

0 45 

+ 24 

-012 

3 

0 46 

- 34 

-010 

2 

0 43 

- 22 

-010 

2 

0 43 

-h 13 

-Oil 

6 

0 42 

+ 20 

-0 13 

6 

0 41 

- 62 

-0 07 

3 

0 41 

- 01 

±0 00 

2 

0 38 

- 07 

-0 08 

1 

0 37 

+ 22 

+0 03 

3 

0 36 

+ 46 

-0 02 

3 

0 34 

+ 67 

+0 06 

2-3 

0 33 

+ 22 

+0 06 

1 

0 31 

— 27 

-0 04 

1 

0.29 

-14.4 

+0 03 

2 

0 27 

-26 0 

— 

2 

0 26 

+ 6.9 



2 

0 24 

- 87 

-0 01 

2 

0 24 

+ 36 

, 

4 

0 22 

+10 0 



2 

0 21 





1 

0 21 

— 

—— 

1 

0 20 

+ 09 

±0 00 

4-3 

019 

+12 3 

0 04 

4 

019 

+ 42 


1 

019 

-112 


1 

0 21 

+ 26 

±0.00 

3-2 

0 22 

- 76 

+0 08 

1 

0.23 

- 1 3 



3-0 

0 26 

+ 46 

±0 00 

3-1 


Observers 

Madler 1 , 0 Struve 2 
MMler 3 , 0 Struve 1 
O Struve 

Mkdler 3-2 ; 0 Struve 1 
Mddler 2 , 0 Struve 1 
O Struve 
O Stiuve 

Madlei 4 , 0 Stiuve 2 
O Stiuve 2 , Madlei 4 
O Struve 

Dawes 1 , 0 Stiuve 1 
Secch .1 
O Struve 

Winnecke 1 , 0 Stiuve 2 
WmneckeO-1, 0 Stiuve 2 
O Struve 
O Struve 

Englemann 1 , 0 Struve 1 
Dun^r 
Dun^r 
O Struve 

O Struve 3 , H Bruhns 1 
O Stiuve 
O Struve 
O Struve 

Englemann 3 , 0 Struve 1-0 

Schiapaielli 

O Struve 

O Struve 

Burnham 

Schiaparelh 

Bigourdan 

See 


Some changes will doubtless be required m all the elements, but the two 
elements of chief interest, the period and the eccentricity, wdl hardly be varied 






f UE8AE MAJORIS = ^1523 
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by more than five years, and ± 0 03 respectively It is desirable to have the 
theoiy of this system carefully confirmed, and observcis with good telescopes 
will find it worthy of regular attention The motion is still tolerably rapid, 
but is gradually slowing up, as will be seen in the following cjihemeris. 


t 

0c 

Pc 

t 

6c 

Pc 


O 

// 


0 

H 

1896 40 

275 2 

0 26 

1890 40 

288 8 

0 29 

1897 40 

280 1 

0 27 

1900 40 

292 7 

0 30 

1898 40 

284 6 

0 28 





f URSAE MAJORIS = 2152^. 


a = 11'' 12'" 0 
4, yellow , 


, 8 = + 82 *^ 0 ' 
5, yellowish 


DisGove'tQcl hij Sv) Wdliam Hoischel^ May li, 1780 


OhSEllVATIONS 


t 

So 

Po 

n 

Observers 

1781 97 

143°8 

// 

4 ± 

- 

Heischel 

1802 09 

97 5 

— 

- 

Herschel 

1804 09 

92 6 

— 

- 

Herschel 

181910 

284 5 

— 

2 

Struve 

1820 13 

276 3 

— 

3 

Struve 

1821 78 

264 7 

192 

3 

Struve 

1825 22 

244 5 

2 44 

6-4 

South 

1826 20 

238 7 

177 

3 

Stiuve 

1827 27 

228 3 

1 71 

4 

Struve 

1828 37 

224.0 

2 01 

2 

Herschel 

1829 02 

219 0 

2 00 

1 

Heischel 

1829 35 

213 6 

167 

7 

Struve 

1830 18 

2114 

— 

10 ± 

Heischel 

1830 98 

200 9 

2 23 

10 ± 

Herschel 

1831 08 

2015 

186 

5 

Bessel 

1831 23 

2011 

193 

6-4 

Herschel 

1831 34 

2019 

198 

17-4 

Dawes 

1831 44 

203 8 

171 

5 

Struve 

1832 16 

198 2 

— 

5 

Herschel 

1832 27 

196 7 

176 

10-8 

Dawes 

1882 41 

195 9 

175 

5 

Stiuve 


t 

9o 

Po 

n 

Observers 

1833 14 

189°9 

206 

8-2 

Herschel 

1833 23 

189 8 

198 

4 

Dawes 

1833.38 

188 2 

*169 

5 

Struve 

1834 44 

1841 

187* 

2 

"Struve 

1834 50 

182 5 

217 

4-1 

Madler 

1835 27 

176 4 

1 93 

1 

Madler 

1835 41 

180 2 

176 

5 

Struve 

1835 56 

175 8 

— 

4 

Madler 

1836 28 

1714 

192 

1 

Dawes 

1836 28 

172 7 

194 

7-2 

Madler 

1836 44 

171 2 

1 97 

4 

Strwe 

1837 47 

165 3 

193 

3 

Struve 

1838 43 

160 4 

2 26 

9 

Struve 

1839 47 

157 9 

189 

- 

Galle 

1840 25 

152 2 

2 08 

40-31 obB Kaiser 

1840 29 

150 8 

2 44 

0-4 

Dawes 

1840 40 

153 6 

2 28 

6 

0 Struve 

1840 44 

— 

2 29 

- 

W Struve 

1841 21 

148.0 

2 40 

4-3 

Dawes 

1841 29 

150 2 

244 

7-6 

Madler 

1841 40 

147 5 

2 23 

6 

0 Struve 

1842 24 

147 0 

2 41 

4 

Madler 

1842 27 

144 8 

2 44 

4 

Dawes 

1842 40 

147 5 

2 34 

4 

0 Struve 
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^ UBSAE MAJORI8 = 2'1523 


* 

6o 

Po 

n 

Observe! s 

1843 28 

U2 2 

2AS> 

7 

Dawes 

1843 38 

143 7 

2 37 

i 

Mcidlei 

1843 48 

1419 

2 71 

9 

Sclikitei 

1844 34 

140 4 

2 46 

3 

0 Stxuve 

1844 34 

1410 

2 60 

11-10 

Madlei 

1844 k 

1410 

2 47 

- 

Liapiinow 

1814 36 

144 5 

2 65 

- 

Dolleii 

1846 46 

1381 

2 61 

2 

0 Stiuve 

1846 82 

135 8 

311 

2 

Jacob 

1846 37 

137 2 

2 56 

4 

0 Stiuve 

1847 30 

1316 

2 58 

1 

Dawes 

1847 38 

132 0 

2 71 

10 

Madlei 

1847 41 

133 2 

2 61 

3 

0 Struve 

1848 13 

129 5 

2 70 

1 

Dawes 

1848 19 

129 3 

2 94 

3 

Dawes 

1848 31 

129 7 

2 71 

4 

Madlei 

1848 41 

130 0 

2 66 

5 

0 Struve 

1848 45 

1291 

2 90 

2 

2^3^ Bond 

1849 30 

126 6 

3 01 

5 

Dawes 

1849 37 

127 6 

2 78 

4 

0 Struve 

1850 01 

127 0 

2 66 

1 

Johnson 

1860 30 

124 2 

3 37 

2 

Jacob 

1860 39 

1241 

2 68 

4 

0 Stiuve 

1860 86 

124 6 

2 85 

2 

Madler 

1851 19 

1231 

2 83 

6-5 

Bletcliei. 

1851 27 

123 3 

2 93 

6 

Madlei 

1851 31 

122 9 

2 98 

2 

Dawes 

1861 41* 

123 0 

2 80 

5 

0 Stiuve 

1851 79 

1221 

2 91 

9 

Madler 

1862 13 

122 3 

2 90 

7 

Miller 

1852 20 

119 8 

2 92 

6 

Fletcher 

1862 29 

120 9 

3 01 

1 

Jacob 

1852 34 

120 8 

2 73 

6 

Madlei 

1852 36 

118 2 

2 86 

2 

Morton 

1852 38 

120 0 

— 

1 

Dawes 

1862 40 

120 6 

2 76 

4 

0 Stiuve 

1853 19 

118 8 

3 01 

4 

Miller 

1863 20 

119 5 

3 01 

2 

Jacob 

1853 20 

119 2 

— 

6 

Powell 

1853 23 

118 9 

2 98 

6 

Fletcher 

1863 40 

1190 

2 88 

4 

0 Struve 

185346 

118 8 

2 94 

13 

Madler 

1864 12 

117 2 

31 

10-1 

Powell 


t 

Oo 

Po 

n 

Observe! s 

1864 35 

116°3 

2"d0 

15 

Madlei 

1854 36 

115 9 

2 96 

3 

Dawes 

1864 37 

115 6 

3 46 

1 

Luthei 

] 864 38 

116 9 

2 90 

4 

0 Stiuve 

1854 51 

116 6 

3 06 

5 

Dembowski 

1865 09 

116 6 



12 

Powell 

1856 15 

115 6 

3 23 

7 

Dembowski 

1865 29 

114 3 

2 96 

1 

Secchi 

1865 33 

1141 

2 98 

1 

Wmnecke 

1866 44 

115 7 

2 87 

2 

Madlei 

186644 

116 2 

2 85 

3 

0 Stiuve 

1866 06 

114 2 

— 

6 

Powell 

1866 18 

111 9 

3 12 

3 

Jacob 

1856 26 

113 9 

313 

4 

Secclii 

1856 33 

1141 

2 99 

3 

Wmnecke 

1866 34 

112 3 

3 15 

7 

Dembowski 

1866 42 

112 7 

2 98 

13 

Madlei 

1856 82 

110 9 

2 99 

2 

Jacob 

1867 36 

109 7 

3 11 

2 

Secchi 

1867 43 

109 6 

2 74 

8 

Madler 

1857 46 

110 2 

2 97 

3 

0 Struve 

1868 00 

1081 

2 90 

4 

Jacob 

1868 20 

108 1 

2 85 

2 

Moiton 

1858 20 

1081 

310 

6 

Dembowski 

1858 39 

108 9 

2 97 

3 

0 Stiuve 

1858 43 

108 8 

2 96 

5 

Madlei 

1859 39 

1061 

2 94 

6-3 

Madlei 

1869 57 

104 9 

2 84 

5 

0 Stiuve 

1860 08 

106 2 

2 84 

2 

Moiton 

1860 16 

1041 

2 99 

6-5 

Powell 

1860 32 

105 2 

2 88 

2-1 

Dawes 

1860 36 

102 8 

— 

- 

Oblomievsky 

186036 

103 6 

— 

- 

Schiapaielli 

1860 36 

103 9 

— 

- 

Wagnei 

1860 39 

1041 

315 

2 

Madlei 

1861 14 

100 6 

3 09 

6-2 

Powell 

1861 40 

1011 

2 70 

4 

0 Stiuve 

1861 42 

100 8 

2 83 

8 

Madler 

1861 76 

100 4 

3 04 

5 

Auwers 

1862 36 

1001 

2 95 

4 

Madlei 

1862 39 

99 3 

2 62 

4 

0 Stiuve 

1862 42 

100 2 

3 20 

- 

Oblomievsky 

1863 20 

89 5 

2 61 

2 

Mam 

4.863 23 

96 6 

2 55 

19 

Dembowski 

1863 46 

95 7 

2 55 

2 

0 Struve 



^ UESAE MAJOEIS = 2’ 1523 
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t 

9o 

Po 

ft 

Observeis 

18C4 31 

94°0 

2 29 

9 

Dembowski 

1864 38 

92 9 

2 40 

3 

Secchi 

1864 42 

94 2 

2 33 

3 

0 Struve 

1864 46 

92 8 

2 44 

1 

Englemann 

1864 50 

93 9 

2 42 

1 

Dawes 

1865 12 

914 

2 44 

19 

Englemann 

1865 30 

901 

217 

10 

Dembowski 

1865 51 

89.9 

2 63 

4 

Secchi 

1866 25 

92 8 

2 72 

4-3 

Leyton Obs 

1866 30 

86 6 

2 26 

3 

Secchi 

1866 30 

86 8 

2 05 

10 

Dembowski 

1866 39 

86 7 

2 09 

5 

Kaiser 

1866 40 

85 4 

212 

3 

0 Struve 

1866 45 

87 8 

2 08 

6 

Kaisei 

1866 49 

811 

— 

2 

Gulden 

1866 49 

83 6 

— 

2 

Abbe 

1866 49 

87 0 

— 

2 

Eoss 

1867 21 

75 5 

2 89 

1 

Winlock 

1867 23 

82 2 

— 

1 

Leyton Obs 

1867 31 

82 2 

1 00 

8 

Dembowski 

1867 47 

810 

191 

2 

0 Stiuve 

1868 14 

80 8 

1 76 

1 

Searle 

1868 23 

79 1 

2 49 

2 

Leyton Obs 

1868 30 

771 

1 72 

8 

Dembowski 

186839 

771 

1 77 

1 

Main 

1868 42 

72 6 

163 

4 

0 Struve 

1869 40 

68 6 

134 

11 

Dun^r 

1869 42 

69 9 

— 

- 

KiTigei 

1870 18 

59 2 

132 

4 

0 Stiuve 

1870 24 

57 3 

1 39 

9 

Dembowski 

1870 33 

67 2 

135 

2 

Gledhill 

1870 35 

CO 

o 

— 

- 

Leyton Obs 

1870.43 

53 8 

120 

9 

Dun^r 

1871 22 

47 7 

1.20 

8 

Dembowski 

1871 31 

47 7 

12 

2 

Gledhill 

1871 39 

66 2 

— 

- 

Leyton Obs 

1871 40 

46 7 

112 

2 

0 Struve 

1871 47 

40 0 

102 

11-10 

Dun6r 

1871 48 

43 9 

11 

1 

Wilson 

1872 06 

30 7 

106 

2 

Gledhill 

1872 26 

23 2 

1 09 

7-6 

W &S 

1872 33 

19 3 

107 

6 

Knott 

1872 35 

68 0 

128 

1-2 

Leyton Obs 

1872 41 

17 8 

0 97 

10 

Dembowski 

1872 46 

16 6 

0 94 

14 

Duner 

1872 48 

15 4 

0 98 

8 

Eerian 


t 

do 

Po 

n 

Obsciveis 

1873 28 

0 

22 

If 

09 

2-1 

W & S 

1873 33 

358 9 

0 98 

10 

Dembowski 

1873 42 

358 4 

0 88 

1 

Dimei 

1873 43 

358 4 

0 96 

6 

0 Stiuve 

1873 78 

3471 

0 83 

3 

Gledhill 

1874 13 

338 4 

100 

3 

Gledhill 

1874 20 

336 2 

0 92 

2-1 

W & S 

1874 21 

337 0 

148 

1 

Eeiiari 

1874 26 

335 6 

— 

2 

Leyton Obs 

1874 35 

333 6 

102 

6 

Dembowski 

1874 41 

3381 

103 

3 

0 Stiuve 

1874 45 

3351 

0 96 

4-5 

Duller 

1875 27 

317 6 

109 

8 

Dembowski 

1876 31 

317 5 

131 

7 

Schiaparelli 

1875 34 

317 2 

128 

4-3 

W & S 

1875 45 

315 8 

110 

4 

0 stiuve 

1875 46 

316 4 

112 

14 

D linear 

1875 99 

3117 

— 

1 

Dobeick 

1876 27 

306 3 

175 

13-2 

Dobeick 

1876 30 

304 8 

124 

7 

Dembowski 

1876 34 

334 5 

166 

1 

Leyton 

1876 36 

306 5 

146 

3 

W &S 

1876 42 

303 5 

135 

3 

0 Struve 

1876.46 

3012 

152 

6-4 

Plummer 

1877 20 

297 0 

167 

7-6 

Plummer 

1877 26 

294 9 

142 

6 

Dembowski 

1877 26 

294 2 

176 

10-9 

Doberck 

1877 34 

293 0 

152 

8 

Schiaparelli 

1877 40 

294 6 

152 

3 

W & S 

1877 43 

2916 

145 

2 

0 Stiuve 

1877 

2915 

135 

1 

Piitchett 

1877 41 

294 5 

210 

2-1 

Hall 

1878 20 

— 

2 01 

4 

Doberck 

1878 32 

286 8 

166 

6 

Dembowski 

1878 36 

286 3 

150 

3 

0 Struve 

1879 27 

284 2 

182 

3 

Hall 

1879 33 

280 3 

179 

7 

Schiaparelli 

1879 41 

278 6 

174 

2 

0 Stiuve 

1880 13 

278 2 

2 07 

6 

Eranz 

1880 27 

276 2 

180 

6 

Hall 

1880.28 

274 9 

2 06 

6 

Doberck 

1880 39 

273 0 

190 

2 

Bigourdan 

1880 48 

272 0 

182 

3 

Jedrzejewicz 

1881 23 

270 3 

184 

4 

Doberck 

1881 31 

268 0 

180 

2-1 

Bigourdan 
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t 

e. 

Po 

n 

Observers 

1881 34 

269°2 

// 

184 

7 

Hall 

1881 35 

269 7 

166 

4-3 

Bmnliaiii 

1881 36 

268 9 

192 

6 

Scliiapaielli 

1882 26 

263 5 

199 

6 

Hall 

1882 26 

259 4 

2 00 

4-3 

Dobeick 

1882 25 

2621 

199 

4 

Englemann 

1882 39 

2611 

1 93 

9 

Schiapaielli 

1882 42 

260 4 

172 

3 

0 Stiuve 

1883 32 

257 8 

2 00 

6 

Eiiglemaiin 

1883 38 

2571 

188 

11 

Scliiapaielli 

1883 40 

258 2 

195 

6 

Hall 

1883 41 

2581 

188 

3 

Jedizejewicz 

1884 28 

249 2 

169 

3-4 

Peiiotiii 

1884 32 

249 0 

189 

7 

Hall 

1884 35 

247 6 

— 

14 

Bigouidau 

1884 38 

249 3 

1 82 

11 

Schiaparelli 

1884 41 

249 6 

192 

4 

Englemann 

1884 44 

249 2 

156 

1 

0 Stiuve 

1885 36 

244 7 

1 80 

5 

Hall 

1885 36 

245 2 

212 

4 

Englemann 

1885 39 

245 4 

172 

10 

Scliiapaielli 

1885 41 

243 4 

187 

3 

Taiiant 

1886 37 

237 3 

163 

5 

Hall 

1886 37 

237 4 

2 06 

8 

Englemann 

1886 45 

237 0 

180 

3 

Jedizejewicz 

1887 04 

226 9 

— 

1 

Glasenapp 

1887 35 

230 3 

161 

5 

Hall 

1887 36 

230 9 

165 

12 

Schiapaielli 

1888 28 

222 2 

168 

6 

Hall 

1888 29 

222 7 

163 

4 

Schiapaielli 

1888 43 

226 2 

161 

1 

0 Stiuve 

1888 51 

222 7 

2 20 

4 

Maw 

1889 28 

2181 

2 09 

2-1 

Glasenapp 

1889 29 

216 5 

1 68 

5 

Hall 

1889 36 

216 9 

161 

9 

Schiapaielli 


t 

do 

Po 

n 

Obseiveis 

1889 37 

216°9 

It 

181 

3 

Maw 

1889 39 

218 6 

164 

2 

0 Stiuve 

1889 40 

217 4 

168 

5 

Tail ant 

1890 27 

210 0 

164 

6 

Hall 

1890 36 

209 7 

161 

7 

Schiapaielli 

1890 40 

2091 

196 

3 

Maw 

1890 42 

313 3 

154 

1 

Hayn 

1890 45 

209 4 

1 87 

2 

Kiioiie 

1891 13 

202 6 

178 

1 

Bigouidau 

1891 16 

2021 

163 

1 

Flint 

1891 30 

200 6 

159 

6 

Hall 

1891 31 

2041 

192 

1 

Knoiie 

1891 41 

199 8 

160 

10 

Schiapaielli 

1891 47 

199 9 

174 

3 

Maw 

1892 32 

196 9 

176 

4 

Maw 

1892 35 

1961 

157 

11-10 

Scliiapai elli 

1892 36 

1941 

178 

1 

Bigouidaii 

1892 39 

197 4 

170 

6 

Kiioiie 

1892 45 

196 6 

160 

2 

Leaveiiwoith 

1892 46 

197 6 

157 

4 

Oomstock 

1893 27 

188 0 

2 05 

2 

Knorre 

1893 33 

187 3 

172 

4 

Maw 

1893 36 

186 4 

165 

7 

Schiapaielli 

1893 37 

1861 

1 75 

1 

Dav Bhotog 

1894 22 

183 2 

179 

3 

Comstock 

1894 30 

181 1 

2 00 

1 

Ebell 

1804 32 

182 8 

179 

1 

H C Wilson 

1894 34 

183 6 

184 

2 

Knoiio 

1894 35 

183 0 

187 

3 

Maw 

1894 47 

1817 

178 

8 

Bigouidaii 

1894 56 

184 6 

177 

1 

Glasenapp 

1895 30 

176 5 

193 

3 

Comstock 

1895 31 

176 0 

178 

1 

Dav l^liotog 

1895 32 

176 0 

198 

1 

Lewis 

1895 33 

176 6 

195 

3 

Sec 

1895 46 

176 9 

179 

4 

Schwaizscluld 


This celebrated system -was first measured by Hbesohel m 1781 A lepe- 
tition of the measures in 1802 and 1804 showed* that the smaller star had a 
rapid relative motion {Ph%L Trans. 1804, p 363), and indeed gave indications 
for the first time that the motion of certain double stars is of an orbital natui e 
^Ursae Majoris thus enjoys the unique distinction of having first aroused 
interest m observational proof of the universality of the Newtoman law This 


^ AstronomiaoTie Nackrzchten, 3328 



llTESAB MAJOEIS = 2'1523 


109 


star also led Savaey in 1827 to derive a method for finding the orbit of a 
double star on gravitational principles, and the first orbit ever computed appeared 
in the Gonnaissance des Temps for 1830. When Savaey’s method for finding 
double-star orbits had been successfully applied to ^ JJrsae Majorih, the subject 
was taken up by Bncke and Hbeschbl, who published methods of supeiior 
elegance and of greater practical utility, with the result that numerous orbits 
were soon computed. 

The rapid orbital motion of f Utsae Majoms insured it ample attention, 
and accordingly since the time of Sib John Hbesohbl and Stkuvb, measures 
have been secured annually by the best observers. The number of orbits com- 
puted for this star is very large, the following list is fairly complete: 


p 

T 

e 

a 

a 

1 

A 

Authority 

Source 

5r2625 
60 72 

60 4696 
61.464 

61 30 

61 176 

61 57C 

63 14 

59 88 

60 679 

60 63 

•'60 79 
i 60 80 

60 60 

1817 25 
1816 73 
1816 95 
1816 44 
1817 102 
1816 66 
1816 86 
1816 32 
1816 406 
1816 008 
1876 60 
1876.29 
187626 
1814 8 

0 4164 

0 3777 

0 40368 
0 4136 

0 4037 

0 4116 

0 4315 
0.3929 

0 3786 

0 3830 

0 371 

0 3952 

0 4169 

0 410 

3857 

3 278 

2 290 

2 417 

2 296 

2 82 

2 439 

2 4jf4 

2 591 

2 687 

2 635 

2 649 

2 680 
2.66 

95°37 

97 78 

95 0 

98 87 

96 36 
961 

96 83 

97 3 
103 6 

100 7 

101 0 
1015 
100 22 
280 7 

69°67 
661 
52 27 
64 93 
50 92 
63 87 
62 82 
62 27 
631 
66 33 
66 0 
66 9 
66 67 
122 9 

13163 
134 37 

129 68 

130 8 
132 47 
129.47 
128 67 
132 88 
136 3 
127.16 
216 0 
234 3 
236.0 
306 8 

Savaiy, 1828 
Heischel, 1832 
Madler, 1831) 
Macllei, 1843 
Mddlei, 1847 
Jacob, 1846 
Villaroeaul849 
Bieen, 1862 

Ball, 1872 

Kaott, 1873 
Flam, 1873 
Dtui6r, 1876 
Pritchard, 1878 
Birk , 1879 

Conn des Temps, 1830 
Mem R A S V,p 209 
AN 319 

AN 486 

Fixt -Syst I, p 233 
Mem R A S XVI, p 322 
A N. 680 

MN XXII, p 168 

Proc RI.A,June,1872 
M.N XXXIII, p 101 
Cat des fit Doub p 66 
Meas Micr., p.l96 
Oxford Obs , No. 1 

K Akad Wiss Wien Bd 08 


It -will be seen that among the more recent orbits there is no wide range 
of valnes, and yet the elements are by no means identical. The different 
results depend upon the observations used and the method of computation 
employed. 

From an investigation of all the observations, I am led to the following 


elements : 


Appai’cnt orbit: 


P = 60 00 years 

Q, = 100“ 8 

T = 1876 22 

^ = 65° 92 

e = 0 397 

X = 126° 33 

a = 2" 608 

n = -6° 0000 


Length of major axis 

= 4'' 76 

Length of minor axis 

= 2" 70 

Angle of major axis 

= 104^^ 6 

Angle of jieiiastron 

= 318° 0 


Distance of star from centre = 0" 75 
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The following table of computed and obseived jdaces shows' that those 
elements are exticmely satisfactoiy 

COMPAKISON OP COMPUTFB WITH ObSBE'V'ED PlACPS 


t 

So 

Sc 

Po 

Pc 

Oo — Be 

Po Pc 

n 

Observers 

1781 97 1 

L43°81 

.48 4^ 

n 

t ± 5 

// 

!34 

0 

-4 6 

+1 ()6± 

1 

Ileiscliel 

1802 09 

97 5 

99 0 

f 

5 70 

-15 

— 

1 

nerschel 

1804 09 

92 6 

93 3 

f 

14:7 

-0 7 

— 

1 

Herscliel 

1819 10 ; 

284 5; 

2821 

1 

L69 

+2 4 

— 

2 

Struve 

1820 13; 

276 3; 

^74 0 

] 

L 79 

+2 3 

— 

3 

Stni\e 

1821 78 ; 

264 7! 

264 6: 

192 

L84 

+02 

+0 08 

3 

Struve 

1823 29 : 

258 4; 

265 8; 

2 81 

L83 

+2 6 

+ 0 98 i 

58-20 

nei scbel and South 

1825 22 : 

244 5! 

244 6; 

2 44 

I 78 

±00 

+ 0 66 

7-4 

South 

1826 20 : 

238 7! 

238 4: 

177 

175 

+0 3 

+ 0 02 

3 

Struve 

1827 27 : 

228 3: 

2316: 

171 

172 

-3 3 

-0 01 

4 

Struve 

1828 37 

224 0; 

224 3; 

2 01 

1 69 

-0 3 

+ 0 32 

2 

Herschel 

1829 35 

213 6; 

217 7 

167 

167 

-41 

±0 00 

7 

Stmve 

1830 58 

2061; 

209 3 

2 23 

1 67 

-3 2 

+0 66 

10 ± 

Herschel 

1831 28 

202 4 

204 5 

185 

1 68 

-21 

+017 

27-14 

Bessel 5, Dawes 17-4, W Struve 5 

1832 34 

196 3 

197 3 

176 

169 

-10 

+0 07 

15-13 

Dawes 10-8, W Struve 5 

1833 30 

[189 0 

1910 

183 

1 72 

-2 0 

+011 

9 

Dawes 4 , W Struve 5 

1834 47 

183 3 

183 7 

187 

178 

-04 

+0 09 

6-2 

W Struve 2 , Madler 4-0 

1835 34 

178 3 

178 7 

184 

182 

-0 4 ' 

+0 02 

6 

Madler 1 , W Struve 6 

1836 33 

171 7' 

1731 

194 

1 89 

-14 

+0 05 

12-7 

Dawes 1, Madler 7-2, W Struve 4 

1837 47 

165 3 

167 2 

193 

197 

-19 

-0 04 

3 

Struve 

1838 43 

160 4 

162 7 

2 26 

2 05 

-2 3 

+0 21 

9 

Struve 

1839 47 

157 9 

167 4 

1 89 

214 

+05 

-0 26 

- 

GaUe ' 

1840 34 

:152 2 

164 6 

2 36 

2 20 

-23 

+016 

12-10 

Dawes 6-4 , 0 Struve b 

1841 30 

148 6 

160 2 

2 36 

2 29 

-16 

+0 07 

17-15 

Da^^es 4-3, Madler 7-0, 0 Stiuve 0 

1842 30 

146 4 

147 3 

2 40 

2 37 

-0 9 

+0 03 

12 

Madler 4, Dawes 4, 0 Stiuve 4 

1843 33 

143 0 

143 9 

2 42 

2 46 

-09 

-0 03 

11 

Dawes 7, Madlei 4 

1844 34 

:140 7 

140 7 

2 52 

2 54 

±00 

-0 02 

14-13 

0 Struve 3, M idler 11-10 

1845 74 

:136 9 

136 6 

2 81 

2 65 

+0 3 

+016 

4 

0 Struve 2, Jacob 2 

1846 37 

137 2 

134 9 

i2 66 

2 69 

+2 3 

-013 

4 

0 Struve 

1847 36 

1132 3 

132 3 

;2 63 

2 76 

±00 

-013 

14 

Dawes 1, Madler 10, 0 Struve 3 

1848 30 

• 129 5 

130 0 

i2 78 

2 82 

-0 5 

-0 04 

15 

Dawes 1, Dawes 3, Madlei 4, 0 Stiuve 5, Bond 2 

1849 33 

!1271 

127 3 

!289 

'2 87 

-0 2 

+0 02 

9 

Dawes 6 0 Stiuve 4 

1850 51 

.124 3 

;124 8 

;2 96 

2 94 

-0 5 

+0 02 

8 

Jacob 2, 0 Struve 4, Madlei 2 

1851 3<: 

tl22 9 

1122 9 

1289 

'2 97 

±00 

-0 08 

28-27 

Fit 6-5, Madler b, Dawes 2, 0 Struve 5, Madler 0 

1852 3C 

1120 3 

;120 9 

12 84 

:3 00 

' -0 6 

-0 16 

27-26 

Miller 7, Fit 6, Jacobi, Ma 6, Mo 2, Da 1-0, 0^ 4 

1853 24 

1119 0 

1118 9 

12 96 

i302 

' +01 

-0 06 

36-29 

Millei4, Jacobs, Powell 6-0, FI 0, OS 4, Ma 15 

1854 34 

H16 4 

■ 116 6 

12 98 

3 03 

-01 

-0 06 

37-28 

Po'w ell 10-1, Madler 15, Dawes 3, 0 Struve 4, Dem 5 

1855 3: 

!115 2 

!114 6 

12 98 

3 03 

+ 07 

-0 05 

13 

Dembowski 7, Sec 1, Madler 2, 0 Stiuve 3 

1856 4£ 

)112 4 

:1121 

,3 07 

3 02 

' +0 3 

±0 06 

29 

Jacobs, Sec 4, Dembowski 7, Madler 13, Jacob 2 

1857 45 

il09 8 

illOO 

1294 

= 3 00 

' -0 2 

-0 06 

13 

Sec 2, Madler 8, 0 Struve 8 

1858 24 

tl08 4 

:108S 

12 96 

2 97 

■ +01 

-0 01 

20 

Jacob 4, Morton 2, Dembowski 6, 0 Struve 3, Ma > 

1859 43 

!105£ 

1106 4 

= 2 87 

'2 91 

. +01 

-0 04 

11-8 

Madler 6-3, 0 Struve 5 

1860 24 

tl04 6 

!103e 

1296 

i286 

; +10 

+010 

12-10 

' Morton 2, Powell 6-5, Dawes 2-1, Madler 2 

1861 35 

ilOOS 

ilOl C 

12 87 

'2 77 

• -0 2 

+010 

18-14 

: Powell 6-2, 0 Stiuve 4, Madler 8 

1862 33 

i 99 7 

■ 98 5 

12 78 

i267 

■ +15 

+011 

8 

Madler 4, 0 Struve 4, 

1863 34 

1 96 7 

■ 95 6 

>2 56 

i2 6e 

; +11 

-0 01 

21 

Dembowski 19 , 0 Struve 2 

1864 4( 

) 93 7 

■ 92 5 

!2 36 

12 45 

! +15 

-0 06 

16 

Dembowski 9, Sec 3, 0 Struve 3, Dawes 1 

1865 81 

1 90 £ 

; 89 0 

12 37 

'2 27 

■ +15 

+010 

33 

Englemann 19, Dembowski 10, Sec 4 

1866 3c 

5 86 5 

! 86 6 

>214 

= 213 

; +0 7 

+0 01 

16 

Sec 3, Dembowski 10, 0 Struve 3 

1867 3£ 

) 81 e 

i 79 6 

)191 

.18£ 

» +51 

+0 02 

11 

Dembowski 8, 0 Struve 2 

1868 23 

5 76 3 

1 75 0 

)17f 

»1 73 

! +18 

-0 03 

13 

Searle 1 , Dembowski 8 , 0 Struve 4 

1869 4( 

) 68 C 

! 663134 

H46 

» +3 3 

-Oil 

11 

1 Dundr 
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t 

do 

dc 

Po 

Po 

Oo — 6c 

Po — pc 

n 

Observers 

1870 19 

1871 35 

1872 36 

1873 36 

1874 29 

1875 47 

1876 35 

1877 31 

1878 32 

1879 30 

1880 31 

1881 32 

1882 28 

1883 38 

1884 35 

1885 38 

1886 39 

1887 35 

1888 36 

1889 32 

1890 37 

1891 30 
li92 39 

1893 33 

1894 38 

1895 32 

56°9 
45 0 
20 4 
359 2 
336 4 
3161 
304 3 
294 7 
286 8 
282 2 
274 8 
269 2 
2615 
257 8 
248 9 
244 5 
237 2 
230 6 
222 5 
216 8 
209 5 
2015 
196 3 
188 0 
182 9 
176 2 

57°0 
40 3 
19 5 
355 4 
334 5 
314 4 
303 5 
294 0 
286 5 
279 3 
2731 
2671 
2617 
255 3 
248 8 
243 5 
2371 
2315 
224 4 
217 9 
210 7 
204 3 
197 3 
1910 
184 3 
178 5 

It 

1 32 
1 13 
101 
0 93 

0 99 
120 
134 
152 
166 

1 80 
1 83 
182 
1 97 
1 90 
1 83 
180 
171 
163 
1 65 

170 
1 77 

171 
166 
1 71 
181 
190 

u 

127 
1 05 
0 92 
0 90 

0 98 
118 
133 
139 
162 

1 73 
1 80 

183 

184 
182 
180 
1 77 
1 74 
1 72 
1 69 
1 68 
1 67 
168 
1 69 
172 
1 77 
183 

0 

-01 
+4 7 
+0 9 
+3 8 
+19 
+17 
+0 8 
+0 7 
+0 3 
+2 9 
+17 
+21 
-0 2 
+2 5 
+01 
+10 
+01 
-0 9 
-19 
-11 
-12 
-2 8 
-1 0 
-3 0 
-14 
-2 3 

+0*05 
+0 08 
+0 09 
+0 03 
+0 01 
+0 02 
+0 01 
+013 
+0 04 
-h0 07 
+0 03 
-0 01 
+013 
+0 08 
+0 03 
+0 03 
-0 03 
-0 09 
-0 04 
+0 02 
+ 010 
+ 0 03 
-0 03 
-0 01 
+0 04 
+0 07 

24 

24-23 

47-46 

18- 17 

19- 18 
34-32 
28-10 
36-33 

6 

10 

22-11 

23-21 

23-19 

26-20 

39-26 

18 

16-8 

17 

14-10 

19-17 

18 
22 

28-17 

14-12 

17 

5 

0 Stiuve4, Dombowski 0 , (Hedhill I), Dunt'i 9 

Dem 8, Gl 2, 0 Stiuvc2, 11-10, Wilson 1 

G1 2, W tic 8 7-0, Kn 0, Dem 10, Du 14, For 8 

W S 2-1, Bembowski 10, Dunoi 1, O Struve 5 

Gl 3, W & S 2-1, Fer 1-0-, Dem 0, OS 3, Du 4-5 
Dem 8, Sell 7, W & S 4-3, Dun^!! 14, Doboiclc 1-0 
Doberck 13-2, Dem 7, W S 3, Plummer 5-0 

PI 7-0, Dem 0, Dk 10-9, Sell 8, W til S 3, III 2-0 
Dembowski 

Hall 8, Seliiaparelli 7 

Franz 6-0, IlallO, Doberck 5-0, Bigourdan 2 , Jed 3 
Doberck 4 , Bigourdan 2-1 , Hall 7 , ^ 4-3 , Sch 0 
Hallo, Dobeick4-0, Englemann4, Scluapaielli 9 
Englemann 0-0, Seliiaparelli 11, IlallO, J edi /ejewiez 8 
Perrotm3-4, Hall 7, Bigourdan 14-0, Sell 11, En 4 
Hall 6, Schiaparelli 10, Tan ant 3 

Hall 6, Englemann 8-0, Jedr/e]ewicz 3 

Hall 5, Schiaparelli 12 

Hall 6, Schiapaielli 4, Maw 4-0 

Glasenapp 2-0, Hall 5, Seliiaparelli 0, Maw 3 

Hall 0, Schiapaielh 7, Maw 3, Knoiro 2 

Big 1, Flint 1, Hall 0, Knoiie 1, Sdi 10, Maw 3 

Maw 4, Sch 11-10, Big 1, ICnoiioO, Lv 2, Com 4 
ICnorre2-0, Maw 4, Schiaimrolh 7 , DavitUoii 1 

Com 3, H C W 1, K:norio2, Maw 3, Big 8, Glas 1 
Davidson 1 , Lewis 1 , See 3 


Future observations are likely to produce only very slight alterations in 
the above values. Thus the penod is not likely to be in error by more than 
one-tenth of a year, and the error in the eccentricity can hardly surpass 
±0 005 Indeed the orbit f Ursae Majot'is is practically all that can be desired 
in the present state of double-star measurement In order to effect any further 
improvement of the oibit, astronomers will need to take every precaution against 
systematic eirors, and rough measures by inexperienced observers are xinhkely 
to prove to be of any considerable value. 

We remark, however, that continued observation of this star is desirable, 
because the micrometrical measures of skilled observcis will be valuable in 
thi owing light upon the question of the existence of dark bodies or othoi dis- 
tuibing influences, and in pioving with all possible experimental accuracy that 
the force which letains the companion in its orbit is diiectcd exactly towards 
the cential star 

I Ursae Majoris, like ^ HercuUs, has a large proper motion in space, and 
this circumstance in connection with the brilliancy of the components, conduces 
to the belief that the system is comparatively near the earth Measurement 
for paiallax has never been attempted, but if suitable comparison stars could 
be found, effort in this diiection would be likely to prove successful 
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0 ^ 234 . 


02 ’ 234 . 

a = llh 26”- 4 , S = +41° 60' 

7, yellowish , 7 8, yellowish 

Discovered hy Otto Struve vn, 1843 
Observations 


t 


Po 

n 

Observers 

t 


Po 

n 

Observers 

1843 29 

182°5 

042 

1 

0 Struve 

1870 46 

281 °8 

cert obi 

1 

0 Stiuve 

1843 33 

179 6 

0 25 

- 

Madler 

1877 26 

127 3 

0 25 

2 

Dembowski 

1844 31 

172 7 

0 46 

1 

0 Struve 

1877 32 cuneiforme sous 349 

°1 

0 Stiuve 

1845 42 

194 6 

0 30 

2 

Madler 

1878 28 

168 4 

0 27 

2-1 

Buinham 

1846 37 

177 2 

040 

1 

0 Struve 

1880 37 

178 4 

018 

1 

Burnham 

1847 40 

187 2 

0 26 

1 

Madler 

1882 

130 

<0 3 

3 

Englemann 

1847 41 

183 7 

0 38 

1 

0 Struve 

0 Struve 

1883 

360 

<0 26 

3 

Englemann 

1848 25 

187 9 

0 40 

1 




1850 31 

196 2 

0 33 

1 

0 Struve 

1884 10 

20 

0 28 

1 

Englemann 

1851 36 

200 4 

03 

1 

Madler 

1887 42 

2312 

018 ^6 

Schiaparelli 

1851 42 

199 3 

0 30 

2 

0 Stiuve 

1889 39 

cuneiforme sous 98' 

° 1 

0 Struve 

1862 46 

196 

0 27 

1 

0 Stiuve 

1891 23 

104 2 

014 

3 

Burnham 

1853 41 

2013 

0 33 

1 

0 Stiuve 

0 Struve 

1892 28 

114 2 

018 

3 

Buinham 

1858.36 cert elong in 244° 

1 

1892 39 

107 0 

0 24 

2-1 

Bigouidan 

1859 40 

233 

0 24 

1 

0 Stiuve 

1892 40 

293 6 

0 22 

1 

Schiaparelli 

1861 26 

255 0 

0 28 

2-1 

0 Struve 

1894 29 

123 2 

0 22± 

2 

Comstock 



oblong 


0 Struve 

1894 84 

1217 

0 21 

3 

Barnard 

1862 39 

260 

1 


1866 20 

single 

— 

1 

Dembowski 

1896 20 

122 2 

0 30± 

1 

Comstock 

1866 49 

oblong in 283° 

1 

0 Struve 

1895 75 

1261 

0 36 

1 

See 


Since the discovery of this pair by Otto Steuve, the companion has de- 
scribed an arc of 305°. The object is always close and difficult, and hence the 
measures are hy no means so good as could be desired, yet when account le 
taken of both angles and distances, there is reason to believe that eleia®«i!ii 
based on the observations now available will never be greatly changed.' Me 
Gore is the only computer who has previously investigated the orbit of this 
pair; using the measures prior to 1886, he found the followmg elements* 

P = 63 45 years Q = 124° 2 

T = 1881 15 ^ = 47° 35 

e = 0 3629 \ = 71° 97 

a = 0" 339 








02' 234. 
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We find the following orbit of 02’ 234: 

P = 77 0 yeais SI = 357° 5 

T = 1880 10 » = 50° 6 

e = 0 302 A. = 206° 6 

« = 0"3467 »=+4°6754 

Apparent orbit • 

Length of major axis = 0" 695 

Length of minoi axis == 0" 437 

Angle of majoi axis = 158° 0 

Angle of peiiastron = 355° 2 

Distance of staa fioin center = 0" 098 

The accompanying table shows that these elements are very satisfactory; 
the period is perhaps uncertain by five years, and the eccentricity by perhaps 
±0 04 Larger vanations in these elements are not to bo anticipated It is 
probably worth noting that Bdeniiam’s distance in 189] is sensibly smaller than 
the computed distance, although the angle agrees perfectly. By this we are 
not to infer that he under-measured the distance with the great Refractor of 
the Lick Observatory, but that all small distances with a groat Telescope ap- 
pear diminished in comparison with their magnitude in a small instrument — a 
phenomenon due mainly to the diminution of the spurious discs under the 
superior separating power of great Telescopes. The computer must therefore 
take account of the inequality of the distances due to the different power of 
the Telescopes employed; but as most of the observations of 02' 234 were 
made with instruments of about ]5-inch aperture, I preferred to make the scale 
of the major axis such, that on the whole the computed would agree with the 
observed distances 


Comparison of Computed with Observed Places 


t 

00 

Bo 

Po 

Pc 

00 0 c 

po — pc 

n 

Observois 

1843 31 

181°0 

178°1 

If 

0 42 

u 

0 41 

+ 2°9 

+ 0 01 

2-1 

OJS 1 , Madler 1-0 

1844 31 

172 7 

1801 

0 46 

0 41 

- 74 

+ 0 05 

1 

0 Stiuve 

1845 42 

194 6 

182 3 

0 30 

0 40 

+ 12 3 

-010 

2 

JVIildler 

1846 37 

177 2 

184 2 

0 40 

0 39 

- 70 

+0 01 

1 

0 Struve 

1847 40 

185 4 

186 6 

0 38 

0 38 

- 12 

±0 00 

2-1 

Madlei 1-0 , OA.l 

1848 25 

187 9 

188 5 

0 40 

0 38 

- 06 

+0 02 

1 

0 Struve 

1850 31 

195 2 

193 7 

0 33 

0 36 

+ 15 

-0.03 

1 

0 Struve 

1851 39 

199 8 

196 6 

0 30 

0 35 

+ 32 

-0 05 

3 

Madler 1, 02^2 

1852 46 

196 

199 3 

0 27 

0 34 

- 33 

-0 07 

1 

0 Struve 

1853 41 

2013 

202 7 

0 33 

0 33 

- 14 

±0.00 

1 

0 Struve 

1858 36 

244 

2221 

cert 

elong 

0 27 

+219 

— 

1 

(1 Struve 

1859 40 

233 

227 0 

0 24 

0 26 

+ 60 

-0 02 

1 

(J Struve 

1861 26 

255 0 

237 0 

0 28 

0 25 

+18 0 

+ 0 03 

2-1 

0 Stiuve 

1862 39 

260 

243 8 

oblong 

0 24 

+16 2 

— 

1 

0 Struve 

1866 49 

283 

271 3 

oblong 

0 24 

+ 11 7 

¥ “ 

1 

0 Stiuve 
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0 ^ 235 , 


t 

6o 

6c 

Po 

Pc 

6o — 6e 

Po—Pe 

n 

Obseivers 

1870 46 

1877 29 

1878 28 
1880 37 
1883 
1884 10 
1887 42 
1889 39 
1891 23 
1892 36 

1894 56 

1895 20 

281°8 
3281 
348 4 
358 4 
350 

20 

512 

98 

104 2 
1116 
1217 
1251 

297°5 
337 3 
343 0 
375 5 
18 7 
30 2 
68 5 
89 8 
104 4 
1115 
122 6 
125 2 

n 

ceit 

oblong 

0 25 

0 27 
018 
<0 25 

0 28 
018 
cune 
014 

0 21 

0 22 

0 33 

n 

0 24 

0 25 

0 25 

0 23 

0 20 
019 
018 

0 20 

0 23 

0 26 

0 29 

0 30 

o 

-16 7 

- 92 
+ 54 
+ 09 
-28 7 
-10 2 
-17 3 
+ 82 

- 02 
+ 01 

- 09 

- 01 

// 

±0 00 
+0 02 
-0 06 
+0 05 
+0 09 
±0 00 

-0 09 
-0 04 
-0 07 
+0 03 

1 

3 

2-1 

1 

3 

1 

6 

1 

3 

6-5 

3-5 

1-2 

0 Stiuve 

Dembowski 2 , 0^ 1 

Biunliam 

Buinliam 

Englemann 

Eiiglemanii 

Scliiapaielli 

0 Stiuve 

JUiinliani 

Big 2-1 , ^ 3 , Rch 1 

Oonistock 2 , J Jai na i d 3 
Oomstock 0-1 , 8oc 1 


The observation of this star which I made at Madison, is discordant in an^lt* 
{AJ 359), and hence I am led to think that an eiror of 30“ oijciiirod in read- 
ing the cn’cle, the iimediiced leading was 94° .3, whereas it donlitlcHK Hhoiild 
read 64“ 3 As the angle was estimated at 130“, this correction is aniply juhI.i- 
fied. 

If good observations can be seeiiiod for the next decade, this orbit can b(‘ 
rendeied veiy exact The following ephemeris will be useful to obsevverH: 


t 

Oo 

pc 

t 

$0 

Pc 


0 

ff 


0 

» 

1896 40 

127 0 

0 31 

1800 40 

136 8 

0 30 

1897 40 

130 4 

0 33 

1000 40 

139 5 

0 37 

1898 40 

133 7 

0 34 





02’ 235. 

a = 11>> 20"> 7,8 = +01° 38' 

6, yellowish , 7 8, yellowish 

Discovered hy Otto Stuive m 184»"5 


Obseryatfons 


t 

Bo 

Po 

n 

Observers 

t 

6o 

Po 

n 

Observeis 


0 

n 





n 




1844 33 

289 3 

0 67 

1 

0 Struve 

1862 4G 

329 5 

0 67 

1 

0 

stiuve 

1846 47 

296 7 

0 64 

1 

0 Stiuve 

1863 41 

333 5 

0 61 

1 

0 

Stiuvo 

1846 42 

306 8 

0 67 

1 

0 Struve 

1865 47 

345 6 

0 61 

1 

0 

Stiuvo 

1847 45 

315 8 

0 63 

1 

0 Stiuve 

3856 65 

360 3 

0 62 

1 

0 

Struve 

1849 47 

320 8 

0 49 

1 

0 Struve 

1867 61 

360 4 

0 66 

1 

0 

Struve 

1860 31 

3166 

0 66 

1 

0 Struve 

1868 44 

368 7 

0 76 

1 

0 

Stuivo 

185142 

3280 

0 54 

2 

0 Struve 

1859 41 

358 7 

0 62 

1 

0 

Struve 




01235. 
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t 

6o 

Po 

n 

Observers 

t 

$0 

Po 

n 

Obseivers 

1861 42 

13°3 

0*65 

2 

0 Stnive 

1879 44 

55°5 

107 

3 

Hall 

1862 38 

20 3 

0 76 

1 

0 Struve 

1882 59 

64 8 

126 

6 

Englemann 

1864 43 

25 3 

0 80 

1 

0 Stiuve 

1887 43 

73 0 

0 93 

5-3 

Schiaparelli 






1888 43 

69 4 

112 

1 

0 Stiuve 

1866 49 

33 3 

0 83 

1 

0 Struve 

1888 09 

72 6 

132 

4 

Tarrant 

1867 45 

40 1 separated 

1 

Deipbowski 










Dembowski 

1889 35 

76 9 

107 

5 

Hall 

1868 13 

310 

0 84 

1 



1889 39 

67 3 

0 90 

1 

0 Stiuve 

1870 18 

42 6 

09 

1 

Dembowski 

1891 29 

817 

104 

1 

Bigouidaii 

1870 46 

37 4 

0 98 

1 

0 Struve 

1892 12 

84 3 

0 97 

3 

Burnham 

187240 

42 0 

08 

1 

Dembowski 

1892 44 

881 

103 

1 

Bigourdan 

1872 60 

431 

100 

1 

0 Stiuve 

1892 45 

85 4 

0 80 

2 

Lv 

1876 63 

510 

0 95 

1 

0 Stiuve 

1892 54 

84 2 

0 94 

3-2 

Comstock 

1877 26 

55 5 

107 

2 

Dembowski 

1893 37 

90 2 

0 92 

1 

Comstock 





0 Stiuve 

1893 41 

86 6 

0 85 

C-9 

Bigourdan 

1877 32 

54 7 

104 

1 

1894 24 

901 

0 75 

3 

Comstock 

1878 35 

58 1 

118 

4 

Dembowski 

1895 27 

93 9 

0 79 

3 

Comstock 

1879 44 

58 2 

0 76 

1 

0 Stiuve 

1895 74 

97 3 

0 81 

2 

See 


For a mimber of years after the discovery of this pair, Otto Steitve 
alone noted the position of the companion, but as Ms measures soon established 
the rapid motion of the system, Dbmbo-wski, Hall, Sohiaparblli, and other 
subsequent observers have contributed to the material now available for the in- 
vestigation of the orbit. 

The observations are not very numerous, but for an object of this diffi- 
culty, they are comparatively good 

The arc described by the companion since 1844 is only 160°, and yet the 
motion around the apastron of the apparent orbit defines the elements with 
considerable precision Dobbrok is the only astronomer who has previously 
investigated the motion of this pairj his elements are as follows- — 



A careful study of all the observations leads to the following elements: 

P = 80 0 yeais ft = 81“ 7 

T = 1834 30 ^ = 49° 32 

e = 0 324 X = 137“ 78 

a = 0"8690 n = +4“ 6 





Appaient orbit 


Length of maior axis 
Length of minoi axis 
Angle of majoi axis 
Angle of peiiastion 
Distance of stai fioin centie 


1" 682 
1"02 
72° 8 
231° 1 
0"242 


Comparison of Computfd with OBsxRVKn PnAcrs 


t 

6o 

6c 

Po 

Pc 

Oo Oc 

Po — Pc 

n 

ObsetvtMs 

1844 33 

2893 

288°6 

0 67 

060 

+ 0°7 

+0 07 

1 

0 Stiuvo 

1845 47 

296 7 

293 5 

0 54 

0 59 

+ 32 

-0 05 

1 

0 Stxiive 

1846 42 

306 8 

2981 

0 57 

0 68 

+ 87 

-0 01 

1 

0 Rtuive 

1847 45 

315 8 

303 7 

0 63 

0 57 

+12 1 

-0 04 

1 

0 kStuivo 

1849 47 

320 8 

314 9 

0 49 

0 56 

+ 69 

-0 07 

1 

0 Btnivo 

1850 31 

316 6 

318 7 

0 56 

0 56 

- 22 

±0 00 

1 

0 fttnivo 

1851 42 

328 0 

324 7 

0 64 

0 56 

+ 33 

-0 02 

2 

0 Rtnivo 

1852 46 

329 5 

330 2 

0 57 

0 56 

- 07 

+0 01 

1 

0 Btnivo 

1853 41 

3336 

336 6 

0 54 

0 67 

- 20 

-0 03 

1 

0 Stuivo 

1855 47 

346 6 

346 3 

0 61 

0 69 

+ 03 

-0 08 

1 

0 Stiuve 

1856 56 

350 3 

3618 

0 62 

0 60 

- 15 

-0 08 

1 

0 Stiuve 

1857 51 

350 4 

356 6 

0 55 

0 61 

- 62 

-0 06 

1 

0 Stiiive 

1858 44 

358 7 

10 

0 75 

0 63 

- 23 

+012 

1 

0 Stiuve 

1859 41 

358 7 

65 

0 62 

0 65 

- 68 

-0 03 

1 

0 ytixivo 

1861 42 

13 3 

13 7 

0 66 

0 69 

- 04 

-0 04 

2 

() Stiuve 

1862 38 

20 3 

17 5 

0 76 

0 71 

+ 28 

+0 05 

1 

0 Wtiuve 

1864 43 

25 3 

24 8 

0 80 

.0 76 

+ 06 

+0 04 

1 

0 Stiuve 

1866 49 

33 3 

30 8 

0 83 

0 81 

+ 26 

+0 02 

1 

0 Ktuivc^ 

1867 45 

401 

34 2 

Boparated 

0 84 

+ 59 

- 

1 

Donibowslci 

1868 13 

310 

36 0 

0 84 

0 86 ' 

- 60 

-0 02 

1 

Doinbowski 

1870 32 

40 0 

40 4 

0 94 

0 90 

- 04 

+0 04 

2 

Denibowhki 1, 0 1 

1872 50 

42 6 

471 

0 90 

0 96 

- 45 

-0 06 

2 

Donibowski 1 , 0 Sti uv(‘ 1 

1876 63 

610 

65 9 

0 95 

102 

- 49 

-0 07 

1 

0 Stnivo 

1877 29 

661 

57 3 

106 

103 

- 22 

+0 02 

3 

Deinbowski 2, 0 1 

1878 36 

681 

59 3 

118 

104 

- 12 

+014 

4 

DonibowHki 

1879 44 

68 2 

616 

107 

106 

- 33 

+0 02 

1-3 

0 Stnivo 1 , Htill 0-3 

1882 59 

64 8 

67 3 

126 

106 

- 26 

+0 21 

6 

Engloiiiaini 

1887 43 

72 5 

761 

0 93 

102 

- 36 

-0 09 

4 

Rchiaparelli 

1888 56 

72 6 

78 4 

122 

100 

- 68 

+0 22 

4-5 

02 0- 1 , T«inaiit 4 

1889 37 

76 9 

79 8 

107 

0 98 

- 29 

+0 09 

5 

Hall 

189129 

\817 

83 6 

104 

0 94 

- 19 

+010 

1 

HigoTudan 

1892 39 

1 85 6 

85 9 

0 94 

0 92 

- 04 

+0 02 

0-8 

13 3 , Big 1 , Lv 2 , (loin 3 2 

1893 39, 

88 4 

88 2 

0 89 

0 89 

+ 02 

±0 00 

7-10 

Oomstock 1 , Bigouulan i) 9 

1894 24 

901 

901 

0 75 

0 87 

± 00 

-012 

3 

Ooiastock 

1895 60 

93 9 

93 3 

0 80 

0 83 

+ 00 

-0 03 

3 

^ (Join slock 


A compariBon of the computed with the observed places shows a very sal- 
isfactory agreement, and we cannot doubt that the elements given above will 
be found to approximate the truth The period remains uncertain by iierluips 
five years, and the eccentncity may be vaiied by ±0 05, but larger alterations 
in these elements are not to be expected The motion of this pair will bo ac- 
celerated in approaching penastron, and hence for a good many years will 
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deserve the ivjjynlav uttc'ntien of observers. If good measures c<iu l)u secured 
dxinng the next twenty years, the (‘leraents can he (leteriniued with great ae- 
curaey. Idle following is a short ephenicris: — 


t 

6c 

Pc 

t 

So 

Rc 


o 

n 


a 

It 

1«!)G 50 

95 i) 

0 80 

189!) 50 

105 ;t 

om 

1897 50 

98.S) 

0 70 

1900 50 

loo.o 

(),()(> 

1898 50 

192 0 

0 IZ 








y 

OKNTAIIHI 

= iia r);i7(). 





a = 12'' 30" , 

8 = —48® 26' 





4, yellowish , 

4, yellowish 



J)Lsi‘<)(ferc(l hij Sir JoJm Jlcndiel^ Mim.k 1, 18**15 





OjlHMliVTATlONH 

I 

By Slit 

J 01 IN 

IlnitsciiiKn: 





JMi<)\huuks ynvn tuic Kc^uatouial.’^ 

t 

6o 

Ro 

11 

ObsoiveiH 

lloinaiks 

18; 15.257 

;{5r,s 

It 

<1 

1 

HeTBchel 

Extremely dose and very^ difficult, at least as close as 
y Viri/iniBj 278 bai ely elongates it. 

18;)5.2«<) 

im 3 

— 

1 

Hersohel 

Certainly double, hut far too dififtculfc for this tele- 
sooj^e* DistiDOtly elongated, but the measures of no 






dependence. * 

1835.820 

351.3 

0.67 

1 

Herschel 

Ear too difltioulfc for satisfactory measures, yet I must 
believe these to be somewhere about the truth. 

1835.363 

346.8 

— 

1 

Herschel 

A better set of nieasures than hitherto got with the 
equatorial, but it is too difficult for this object-glass. 

I8;i6.;i(;7 

34!).(> 

— 

1 

llcr»diel 

Certainly seen double, t e elongated with parallel 
fringes. 

I8;i(> 1 15 

355.;j 


1 

lIoTscliel 

Excessively close and difficult, but the power No 4 

18;{l) 1.5<5 

.*«52.0 

— 

1 

lIoTBcliol 

will act to-night, though not quite so well as I could 
wish, EleUl strongly illuniiiiatod 

18.‘«>.1!)2 

355 4 

, , ,, 

1 

llemdiol 

Morably elongated with No. 4 Brandishes, dances, 
and spreads, yet occasionally an elongated centre caught 

1836 403 

317 1 

— 

1 

llomdiel 

1837.140 

361.0 

1 

1 

IlttTsdiel 





OltSKltVATIONB WITH 

: Tiiifl Kkflkotok 

1835 156 





7 Centauri^ a stai 4^«, which 1 am very much In- 





dined to believe close double, but could nob veilfy it 
owing to bad doiinltion. Tried *320, but it will not bear 







that power 

1«;r)250 

310 S 

0 07 

1 

llursdiel 

180 with triangular aperture shows it elongated , 320 
faiily doubleand almost divided Pos. with 320=3;J8'> 3, 
with 480 (which shows a black division) s=: 848®, 8 Both 
stars of 4th magnitude 

1839 3S2 

310 ± 



1 

lleiBcliel 

Seen decidedly elongated with 820 and diminished 




aperture, but so violently agitated and ill defined that 
no measure could be got That set down may err 20“ 



1837.074 

310 ± 


1 

llorscliel 

iy Oentauri), [Pos estim, from diag] ‘ Seen deci- 
dedly elongated in a position as per diagram, with 820 
and triangular aperture, but all attempt at a measure 
confounded by constant boiling and working of the star. 


^AstronamUche UacIiTichien^ 
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y OENTAUKT = Jig 5370 


II 

By othei ob&eivcis 

t 

e„ 

Po 

n 

Obsoivois 

1856 20 

20°6 

0 7± 

3 

Jacob 

1857 97 

13 7 

111 

5 

Jacob 

1860 68 

12 8 

— 

lOobs 

To well 

1870 23 

69 

15± 

G 

Powell 

1871 38 

38 

118 

1 

llllSHOll 

1873 36 

42 

2 29 

1 

JlllSHCll 

1874 26 

16 

1 61 

3 

Russ(‘ll 

1876 63 

85 

1 30 

- 

Elloiy 

1880 44 

13 

130 

1 

Russell 

188222 

21 


1 

TobbuU 


t 

e. 

(*0 

u 

Obson oiH 

1887.58 

.359"l 

It 

1 7() 

li 1 

3\‘bbuU 

1.S.S7 53 

.3.5.8 5 

1 7.5 

(> 

Pollock 

1.8, 88 17 

.3.5') .5 

1 .87 

i G 

rMnxii 

18.89 .32 

.1.5') 1 

1 7.t 

1 

IN)llock 

1.890.36 

1 2 

1 81 

1 

StGlois 

1.890 .36 

.3.5') 0 

I 81 

U 1 

T(‘blmlt. 

1.891 10 

.3.57 0 

1 .33 

1 

S(‘llol s 

1892.32 

.3.57 .3 

1 21 

r> 

S(*llois 

1892 18 

.!.5.8 7 

1 66 

7 S 

'rt‘bbiilt. 

189.3 36 

.3.51) 7 

1 to 

3 

St‘lbuK 

1891 .10 

.1.5(. 6 

1 21 

3 

S(*llolS 

1895 3.3 

.356 4 

1 75 

11 7 

'n^bbuit 


In the comsc of the three years following the discovery, IIicuHCiiKn si'curcd 
several mieiomctucal measiuos with lus Hcvou-inch c(iuatorial, hut it appears 
that the lecords ho has loll us m lus swoqis with the 2()-rct‘l rcfl(*<itor arc 
much ncaiei the truth as regards the position-angle of the stars at that epoch. 
It IS singulai that lus measures with the e<(iiatorial give aiigit's almost idtMitlcal 
with that of the pair at the present time (.‘l/)(>" 1), whih' Ills estimates made 
xindei the sniieuor power of the letleetor give the angk* as :{l()''t. A careful 
study of all of his observations ol‘ y of Ohtrralioiia <ti (ho 

Gape of Good Jlope, pp. 211, 250, 2()0), and of the othe r measures hy subse- 
quent astionoiners leaves no doubt that his (‘stiinates with tin* relle<*tor are 
essentially correct, while for some leason the ineasiires taken with the equato- 
rial are vitiated by systematic errors which render them woithless. In the 
above list of measures I have mseited llKUKcnurK notes, witli a view of 
throwing hght upon this interpretation of his obHcrvations. 

Contrary to the opinion of IIhrsoukl, it is now evident tlmt the motion 
of yCentaun is retrograde; and hence we perceive that the railiuH vector has 
swept over nearly an entire revolution since 'flu* rt*cent tncftHUiHis of 


Tebbutt, to whom we are so much indebted for observations of this atar, prove 
beyond doubt that the distanee of the components in angle 350“ must he at 


least 1 48; and hence it could easily have been divided by IIkuhoiieIj with 
his seven-inch equatorial. lie says, however, that the object was “ extremely 
close and very difficult, at least as close as y Vii'ffinin and since it is known 
that y Virffims, to which irEiisonEL gave regular attention, was loss than 0",7, 
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we may conclude that the distance of y Gmtaun did not surpass V 0. If this 
he the ajiproximate distance at the epoch 1835 25 we see that the angle must 
have been substantially what IIbrsohel estimated with the reflector, and we 
are thus enabled to reconcile his measures with those of later observeis IIis 
estimate of 340“ ± for the angle is based on three nights’ work and can hardly 
be in eiror by more than two degrees. If we adopt the position thus indicated 

1835 25 340° ± 1"± 

and make use of the measures secured since 1856, we shall obtain an orbit 
which IB near the truth, and the resulting elements will never be greatly changed. 
Me. Goek is the only computer who has previously investigated the orbit of 
this binary, using IIersoiiel’s equatorial measures, and relying mainly on the 
angles, he found: 

P = 61 88 yeais Q, = 177° 95 

T = 1840 84 t = 84° 1 

6 = 0 6316 \ = 46° 81 

a = 1" 50 


Making use of the mean places given in the following table, and basing 
our work on both angles and distances, we are led to the following elements 
of y Centawri • 

P = 88 0 years Ji = 4° 6 

T = 1848 0 i = 62° 15 

6 = 0800 \ = 194° 3 



a = 1"0232 n ■ 

-4° 0911 

Apparent oibit 

Length of ana]oi axis 

= 2" 10 


Length of aninoi axis 

= 0"58 


Angle of majoi axis 

= 0°1 

» 

Angle of peiiastron 

= 177° 8 


Distance of stai from centie 

= 0"794 


The period heie found may he uncertain by perhaps three years, and the 
eccentiicity by ±0 03, but larger variations in these important elements are not 
to be expected The orbit of y Gentaun is remarkable for its considerable 
inclination and high eccentricity, which renders the pair very difficult in the 
pcriastron part of the apparent elhpse. Binaries with equal components are 
very frequent among double stars, and are types of systems which possess a 
peculiar interest when studied m respect to their evolution. 
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■y VIKOmiS = 1670 


It IS clear that yCentauii will move rather slowly for a good many years, 
but it deserves the regular attention of southern observers The following is a 
short ephemeiis 


t 


pc 


t 

6. 

Pc 


0 

It 



0 

If 

1896 40 

356 0 

175 


1899 40 

354 8 

0 71 

1897 40 

355 6 

174 


1900 40 

354 4 
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1898 40 

355 2 
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t 
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+0*12 

3-1 

Heibchel 

1856 20 

20 6 

19 7 
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_ 
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l-^owell 

1872 37 

40 

6 6 

173 

159 

-16 

+014 

2 
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179 
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1 66 

179 

+11 

-0 13 

7-8 

Tebbutt 

1895 33 

356 4 1 

356 4 

175 

177 

00 

-0 02 

11-7 

Tebbutt 


yVlKGlN]S = Sl()T0. 

a = 12>' aO'" 0,8 = —0° 5 1' 
S, yellow , 3 2, yellow 




JJibcooe/ ed 

JJiadlet/ and I^ound, M<c)oh 15, 

1718 
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- 
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♦Computed from Lunar occultation — of no value 
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Lament 
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The observations of this celebrated system date back almost to the bogm- 
mng of double-star Astronomy The only double star previously recognized 
which has proved to be binary is a Centauri f It was resolved into its com- 
ponents in December, 1689, by Father Eioiiatjd, at Pondicherry, India. On 
putting one eye to the telescope, and looking at the heavens with the other, 
Bradley found the two components of y Y-higims to be approximately in hue 
with the naked-eye stais a and 8 V^rg%n^s; this allmeation gives a positaon- 
angle of 330° 8 at the epoch 1718 20 Such an observation has of course some 
historical interest, but is worthy of little consideration in the discussion of a 
modern double-star orbit. Neither can any confidence be placed in the position 
for 1720, which was calculated from a lunar occultation observed by Cassini 
while searching for evidence of an atmosphere surrounding the Moon 

The observation which results from the Catalogue of Tobias Mayer would 
be entitled to more weight were it not for the uncertainty of double-star posi- 
tions deduced from differences of right ascension and declination. 

Therefore in the present discussion of the orbit I have relied principally 
upon observations since the time of "William Struve, but have not entirely 
Ignored the measures of Sir William Hersoiibl, which appear to be as good 
as could be expected from the means at his disposal After an examination of 
all the observations, it appeared advisable to base the orbit mainly upon the 
work of the great standard observers. This sifting of the observational mate- 
rial IS rendered the more necessary by virtue of the great number and miscel- 
laneous character of the observers who have occupied themselves with an easyj 
and celebiated star like y Yirgims It is probable that more orbits have been 
computed for this star than for any other binai-y in the heavens, but as_all of 
these are defective, according to trustworthy recent observations, a new deter-' 
mination of the elements based upon the best measures now available,, would 
seem to be desirable In dealing with an orbit which has long occupied the 

^Astronomical Journal, 352 

' A 

% Some of the observations here omitted are good, but m working with the graphical method I have not thought 
It necessary to use all of the super-abundant material 
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attention of eminent men, including Sir Joiiisr HEESonBL and the illustiious 
Adams, we could hardly hope foi material improvement over the lesults already 
obtained, were not the investigation rendered more complete by recent obsei- 
vations, and hy the use of the observed distances, which have generally been 
rejected, hut which here acquire a high importance owing to the slow angular 
motion. The natuie of the motion of y Virgims is such that some of the ele- 
ments, especially the peiiastron passage and the eccentricity, are determined 
with great precision; but the period has been underestimated by neaily all 
recent investigators, and will still lemam slightly uncertain, peihaps to the 
extent of one year 
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From an investigation of the long list of observations, including the veiy 
careful measuies recently secured with the 26-ineh lefractor of the Leander 
McCormick Observatory of the Univeisity of Viigima, we find the following 
elements of y Yvrg%n%s. 


Apparent orbit 

% 


P = 194 0 yeais 
T = 1836 53 
e = 0 8974 
a = 3" 989 


a 

% 

\ 

n 


50° 4 
31° 0 
270° 0 
-1° 8557 


Length of majoi axis = 6" 824 

Length of minor axis = 3'' 530 

Angle of majoi axis = 140° 4 

Angle of peiiastion = 140" 4 

Distance of star fiom centre — 3" 062 
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The accompanying table of computed and observed places shows that these 
are perhaps the most exact elements yet determined for any stai. For although 
all the measures have not been used in forming the mean observations on which 
the orbit is based, yet those measures which have been employed have been so 
combined as fairly to represent the best material for each year Accordingly, 
the residuals are uniformly small, except just before periastron passage, when 
the object was extremely ditficult, and, as no variation of the elements will 
materially improve the representation of the observations in this part of the 
orbit without a corresponding damage elsewhere, we infer that the differences 
are due mainly to systematic errors in Struve’s measures 

Comparison op Computed with Observed Places 


t 

6o 

6c 

Po 

Pc 

Oo — 6c 

Po pc 

n 

6lbservers 

1718 20 

330°8 

326°2 

// 

tt 

6 27 

H- 4'’6 

It 

2 

Bradley and Pound 

1720 31 

319 0 

325 0 

7 49 

6 34 

- 60 

+ 115 

1 

Cassini 

1766 20 

324 4 

318 7 

6 50 

6 46 

•f 57 

+ 0 04 

- 

Tobias Mayei 

1781 89 

310 7 

308 1 

5 70 

5 67 

+ 26 

+0 03 

1 

Keiscliel 

1803 37 

300 2 

299 6 

— 

4 60 

+ 06 

— 

Sobs 

Heischel 

1819 40 



286 9 

3 56 

316 

— 

+0 40 

1 + 

Stiiive 

1820 28 

284 9 

284 9 

2 76 

2 97 

00 

-0 21 

5 

Struve 

1822 26 

283 4 

283 4 

3 79 

2 85 

00 

-0 06 

2 

Herscbel and South. 

1823 32 

2816 

2818 

2 95 

2 70 

- 02 

+0 25 

1,3 

Struve 

1826 32 

277 9 

278 2 

2 37 

2 43 

- 03 

-0 06 

6 

Struve 

1828 38 

2716 

2714 

2 07 

2 01 

+ 01 

+0.Q6 

1 

Struve 

1829 30 

268 0 

268 8 

178 

186 

- 0.8 

-0 08 

7 

H 2, jr 5 

1830 69 

262,2 

2641 

169 

163 

- 1.9 

-0 04 

7 

Bessel 

1831.36 

260.9 

260 8 

149 

150 

+ 0.1 

-0 01 

6 

Struve 

1832 62 

263 6 

253 8 

126 

126 

- 03 

0 00 

4 

Struve 

1833 36 

2401 

247 2 

114 

109 

- 71 

+0 06 

8,2 

Dawes 

1833 37 

245 3 

2471 

105 

108 

- 16 

-0 03 

7 

Sti live 

1834 38 

2316 

236 0 

0 91 

0 84 

- 34 

+0 07 

5 

Stiuve 

1834 84 

213 6 

226 6 

— 

0 72 

-12 9 



1 

Stiuve 

1836 38 

196 5 

212 2 

0 51 

0 58 

-16 7 

-0 07 

9 

Stiuve 

1836 39 

196 2 

212 0 

0 57 

0 57 

-16 8 

0.00 

1 

Senff 

1836 42 

197 1 

2113 

— 

0 56 

-14 2 

— 

1 

0 Stiuve 

1836.41 

1616 

160 2 

0 26 

0 36 

+ 14 

-010 

3 

Stiuve 

1836 41 

168 7 

160 2 



0 36 

+ 85 



2 

0 Struve 

1836 41 

163 8 

160 2 

— 

0 36 

+ 36 


1 

Sabler 

1837 41 

77 9 

78 2 

0 68 

0 52 

- 03 

+0 06 

6 

0 Struve 

1837 41 

78 5 

78 2 

0 67 

0 52 

+ 03 

+015 

1 

Enoke 

1838 08 

57 5 

68 0 

0.67 

0 70 

- 05 

-0 03 

1 

Herscbel 

1838 40 

51 9 

60 8 

0 86 

0 78 

+ 11 

+0 08 

— 

Struve 

1838 43 

511 

60 0 

0 80 

0 79 

+ 11 

+0 01 

— 

0 Stiuve 

1838 43 

49 2 

50 0 

0 83 

0 79 

- 08 

+0 04 

3± 

Galle and Madler 

1839 33 

36 6 

37 3 

126 

101 

- 18 

+0 26 

5,1 

Galle 5-0 , Dawes 0-1 

1840 36 

26 3 

281 

128 

123 

- 18 

+0 05 

16,12 ± 

Kaiser 1 ± , Dawes 11-7 ,, 02* 5 

1841 41 

22 4 

22 0 

163 

144 

+ 04 

+019 

4 

0 Struve 

1842 21 

16 6 

17 7 

158 

160 

- 11 

-0 02 

7,5 

Madler 

1842 41 

171 

161 

173 

1 67 

+ 10 

+0 06 

4,6 

02 4-0 , Dawes 0-5 

1843 37 

121 

13 7 

180 

178 

- 16 

+0 02 

17, 12 

Madler 7, Dawes 10-5 

1844 36 

89 

101 

2 06 

1 97 

- 12 

+0 09 

8,7 

MMler 

1846 46 

46 

72 

2 23 

215 

- 27 

+0 08 

2 

0 Struve 

1846 69 

36 

46 

2 21 

2 31 

- 10 

-010 

6 

02 2 , Dawes 2 , Mitchell 1 




128 


y viPfUNlfl = ^1C70 


t 

eo 


Po 

Pc 

Bo — 0i 


n 


1847 38 

1848 34 

1848 40 

1849 37 

1850 40 
1851 28 
1851 40 

1852 38 

1853 30 

1853 56 

1854 43 
1855 18 

1855 67 

1856 39 

1857 28 

1857 56 

1858 36 

1858 44 

1859 36 

1860 40 
1861 23 

1861 38 

1862 28 

1863 54 

1864 43 

1865 54 

1866 36 

1867 80 

1868 43 

1869 98 

1870 74 

1871 43 

1872 12 

1872 63 

1873 43 

1874 64 
1875 18 

1875 36 

1876 34 

1877 62 

1878 37 

1879 25 

1880 30 

1881 44 

1882 41 

1883 28 

1884 38 

1885 35 

1886 36 

1887 38 

1888 32 

1889 40 

1890 43 
189144 
1892 56 
189344 

1894 33 

1895 30 

0 

25 

08 
359 8 
359 0 
358 0 
357 9 
356 5 
354 6 
353 6 
3531 
353 2 
3514 
352 8 
350 5 
3491 
350 2 

349 2 

350 2 
3491 
347 6 
346 6 
3481 
346 0 
346 4 
345 3 
344 2 
3441 
343 2 
342 2 

341 8 

342 7 
340 5 
3411 
340 4 
340 3 
340 4 
33§ 8 
339 4 
3391 
338 0 
3371 
337 9 
337 5 
336 2 
336,6 
335 6 
335 8 
3341 
334 9 
334 5 
334 1 
333 4 
332 8 
332 5 
332 3 
332 2 
3311 
3311 

0 

30 

13 

11 
359 5 
357 9 
356 8 
356 4 
355 4 
354 3 
354 0 
353 0 
352 3 
3518 
351 3 
350 2 
3501 
349 3 
349 3 
348 6 
347 6 
347 1 
347 0 
346 3 
345 5 
344 9 
344 2 
343 7 
342 8 
342 4 
3416 
3412 
340 9 
340 5 
340 0 
339 9 
339 3 
339 0 
338 9 
338 5 
337 9 
337 6 
337 2 
336 8 
336 3 
335 9 
335 6 
335 4 
334 8 
334 4 
334 0 
333 6 
333 3 
332 9 
332 6 
332 2 
3319 
3316 
331 3 

// 

2 40 
2 71 
2 57 
2 84 
2 74 
2 99 

2 99 

3 06 
3 21 
315 
3 22 
3 40 
340 
3 56 
3 70 
3 57 
3 80 
359 

3 83 

3 97 

3 93 
411 

4 01 

3 99 
418 

4 36 
4 34 
4 30 

4 47 

4 43 

4 54 

4 87 

4 59 

4 61 

4 77 

4 97 

4 76 

4 83 

5 02 

4 94 

5 06 

5 08 

5 36 

5 28 

5 23 

5 30 

5 34 

5 32 

5 45 

5 50 

5 58 

5 56 

5 59 

5 70 

5 64 

5 65 

5 71 

5 84 

a 

2 42 
2 55 
2 56 
2 67 
2 80 
2 90 

2 95 

3 01 
313 
316 
3 26 
3 33 
3 40 
3 44 
3 56 
3 57 
3 65 

3 66 
3 72 
3 84 
3 90 
3 91 

3 99 

4 06 
414 
4 22 
4 28 

4 40 

4 45 

4 53 

4 60 

4 65 

4 68 
471 

4 76 

4 84 

4 88 

4 89 

4 95 

5 01 

5 06 
512 
517 

5 22 

5 28 

5 31 

5 38 

5 40 

5 45 

5 50 

5 55 

5 60 

5 64 

5 67 
571 

5 75 

5 79 

5 83 

0 

- 05 

- 05 

- 13 

- 05 
+ 01 
+ 11 
+ 02 

- 08 

- 07 

- 09 
+ 02 

- 09 
+ 10 

- 08 
- 11 
+ 01 
- 01 
+ 09 
+ 05 

00 

- 06 
+ 11 

- 03 
+ 09 
+ 04 

00 
+ 04 
+ 04 

- 02 
+ 02 
+ 05 

- 04 
+ 06 
+ 04 
+ 04 
+ 11 

- 02 
+ 05 
+ 06 
+ 01 

- 0 5 
+ 07 
+ 07 

- 01 
+ 01 

00 
+ 07 

- 07 
+ 05 
+ 06 
+ 05 
+ 01 

- 01 
- 01 
+ 01 
+ 03 
- 06 
- 02 

-002 
+0 16 
+0 01 
+0 17 
-0 06 
+0 09 
+0 04 
+0 05 
+0 08 
-0 01 
-0 04 
+0 07 
0 00 
+012 
+014 
0 00 
+015 
-0 07 
+011 
+013 
+0 03 
+0 20 
+0 02 
-0 07 
+0 04 
+0 14 
+0 06 
-010 
+0 02 
-010 
-0 06 
+0 22 
-0 09 
-0 13 
+0 01 
+0 13 
-012 
-0 06 
+0 07 
-0 07 

0 00 
-0 04 
+019 
+0 06 
-0 05 
-0 01 
-0 04 
-0 08 

0 00 

0 00 
+0 03 
-0 04 
-0 05 
+0 03 
-0 07 
-010 
-0 08 
+0 01 

11 

7.6 
12 
5,4 

11.4 

4 

5 

7 

5,4 

12 

15 

8 

10.9 

5 

20 

22,21 

8.6 

16 

24, 23 
3 

9 

3+ 

13. 10 
28 

11 

36, 36 

6 

12 

9 

17 

14 

8 

17 

13 

13 

5 

18 

25 

26 

22 

3.5 

13 

2 

14, 17 
10 

20, 18 
17 

19 

4.6 

11 

!) 

11 

3 

3 

16 

11,6 

10,6 

6.4 

Dawes 8, 3 

Mildloi 

Dawes 9 , 02 3 

Dawes 

Jacob 2-0, 02 4, M.ldlco ] 0, 
Madlei [M.ldli‘i NO 

Dawes 

Da\ves2, Madlei 2, 02 3 

J iUiob 2 , I )awes 3 2 

Madlei 6, 02 4, Jaeob 2 

Dawes 8 , Denibowski 7 

0-1 3, Denibowski 1 

Keiill 1 , Madlei 3, Dawes 4 3, 
Denibowski [ Moiton 3 

Denibowski 6, Dawes 7, Seiill 7 
Ma 9 8, Da 6, 02 , Ja 5 
Dembowski 6 , Madlei 2 0 
Sentf3, 02 2, Da 8, Mo 3 

Mo 4, Ma 9 8, 02 3, Sen 11 3 
Madlei 1, Knott 2 [Dawes 5 

02 4 , Powell 6 

Madler 3 , Auwers — 

Da 6-3, Po 3-2, Ma 3, 02 2 
02 2, Dembowski 26 

Seiiff2, O-i,’ 3, Da4, Kn. 2 

Da 7-6, Kii 3, Doin 26 

SeiiftS, 02 2 

Dembowski 

0 Stnmi2, Main 7 

Duiiei 

Dembowski 11, 02 3 

Kn 3, (}1(>(1 3 , W (S: S 2 

Diiiiei 

02 3, Dembowski 10 
died 2, 02 3, Ma 5, Lin 3 
(lledbill2, OV3 

Diiiidi 14 , UlodhilH 

Dembowski 11, Sehiaparolli 13 
(lied 13, in 4, Sell 4 , Dk 5 
Scliiapaielli 14 , Dembowski 8 
Goldney 

Sehia]Mielli 10, II.dl3 

Punibam 

Hall 0 4 , liiHonidaii M 13 
Siduajiai elh 

Hn 7-5, Hallo 5; Sell 8 

ILdl 5 , Ter 3 , Sob 9 

Oo]) 1 , II 0 W 2, Sob 16 

Hall 4 , H GW 0-2 

Scbiapai elh 7 ; Hall 4 
(lias 2, Hall 6, Sdi 2 
Huiiiliam3, Hall 5, Soli 3 

Hall 

S*’® [Joiuss 2 

Sch 6, Lv 2, Com 3, Hiir 3, 
Soh 6, Com 1, Big 4 

Com 2-0, Sell 2-0, Big 6 

See 



•y vmGINIS = ^1670 


129 


It will be seen that in this orbit the line of nodes coincides with the minor 
axis of the real ellipse, which is also the minor axis of its projection j and 
owing to the small inclination the apparent ellipse is only slightly less eccentric 
than the real ellipse, so that the foci of the two ellipses very nearly coincide. 
This renders the motion of the radius vector in the apparent orbit very nearly 
the same as in the real orbit, and makes y Y%rg%n%8 an object of peculiar inter- 
est from the point of view of the study of the law of attraction in the stellar 
systems. From direct observation we are enabled to say that if there is any 
deviation from the Keplerian law of areas, it must be extremely slight. There- 
fore the force is certainly central, and the probabilities are overwhelming that 
the principal star, which is so near the focus of the apparent orbit, occupies the 
focus of the leal oibit, or that the law of attraction is Newtonian gravitation. 
Other lesearches in double-star Astronomy increase the probability of the law 
of gravitation, and leave no adequate ground for doubt as to its absolute uni- 
versality Yet a prolonged study of the motion of y Yvrgims will eventually 
give a very precise criterion for the rigor of this law, as well as throw light 
upon the question of the existence of disturbing bodies in binary systems. 

The 01 bit of y Yirgxms is very remarkable for its high eccentricity, which 
surpasses that of any other known stellar orbit This characteristic of y YvrginxSf 
which Sir John Hersohbu recognized when he declared the eccentricity to be 
“ physically speaking, the most important of all the elements ” {Eesults at Cape 
of Good Hope, p. 294), seems to preclude the permanent existence of a third 
body in the system; for if a companion to either of the components existed, 
its motion would be affected by an equation of enormous magnitude, analogous 
to the annual equation in the moon’s motion, and at the time of periastron 
passage would probably soon cause the body to come into collision with one 
of the stars, or be driven off in an orbit analogous to a hyperbola. 

Thus, although the above orbit is exact to a very high degree, the system 
will still deserve the occasional attention of astronomers. 

Since the angular motion for many years to come will be extremely slow, 
observations of distance will be more valuable than angular measures in effect- 
ing a further improvement of the elements. 
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42 COMAE BERENICES = S1728. 

o = 13'‘ C™ 1 , S = +18° 4' 
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Since the date of diseovery this remarkable star has described almost three 
revolutions. From the first it was given particular attention by "William and 
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Otto Steitve, and tlie peculiar and unique character of the system has fully 
justified the eaie with which it has been measured The only previous inves- 
tigation* of the orbit is that made by Otto Strbyb and Dubiago in 1874 
{Monthly Notices 1871r-5, p. 367) O Steuvb’s elements are as follows • 

P = 25 71 years gj = 11“ 0 
T = 1869 92 ^ = 90“ 

e = 0 480 \ = 99“ 18 

a = 0"657 

Some three yeais ago BuEisrnAM placed at my disposal a list of measures 
which was neaily complete, I have since added to it such as weie omitted, 
and besides made new observations during 1895 When scrutinized undci the 
fine definition of the 26-inch Clark Eefraetor of the University of Virginia the 
pair proved to be excessively close, and with a power of 1300 could only be 
elongated. The object has now become single in all existing telescopes and 
can not again be separated until about 1899 

The method followed in the present investigation of the orbit is not very 
diffei ent from that employed by Otto Steuvb, except that the results are based 
upon the measuies of all leliable obseiveis and are rendered more complete by 
the observations made since 1874 The list of measures is complete to the 
occiiltation of 1896. 

It will be seen from an examination of the observations that the motion 
is to all appearances exactly in the plane of vision, and hence with the oxcep- 
tioni of the node and mclination, the elements aie based wholly on the distances. 
O. -Steuvb’s elements are very good, and it would therefore be sufficient to 
apply differential corrections to his values, but as I had independently discovered 
a graphical method similar to that employed by him, it seemed of interest to 
make use of it m deiiving approximate values directly from the phenomena 
With the elements approximately determined, the observations fuinishcd 52 
equations of condition, which were solved for the five unknowns, the weights 
assigned being proportional to the number of nights An application of the 
corrections resulting from the Least Square adjustment gave the following 
values of the elements 


P = 25 656 years 
T = 1885 69 
e = 0461 
a = O'' 6416 


Q, = 11°9 
^ = 90“ 

X = 280“ 5 
n = ±14“ 0867 


^Monthly Notices, June, 1886 




:^^ma^Bereniee8=3^ (728. 









Graphical Illustration of the Motion of 42 Comae Berenices 1 728 . 
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Apparent orbit 


Length of ma]oi axis 

= v 
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Length of minor axis 

= 0" 

00 

Angle of majoi axis 

= 11 

°9 

Angle of peiiastion 

= 11 

“9 

Distance of stai fiom ceiitie 

= 0" 

054 


The apparent motion is shown in the accompanying diagiam^ to which is 
added a figure of the real oibit A graphical illustration of the motion, ob- 
tained by taking the oj-axis to represent the time, while the ordinates represent 
the distances, was employed in finding the approximate values of the elements, 
the curve here traced represents the motion according to the elements as 
coriected This orbit of 42 Comae Seienices is one of the most exact of double- 
star orbits, and will never require any but very slight modifications The 
period can hardly be in error by moie than 01 year, while a variation of ±0 01 
in the cccentiicity is very improbable 
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02 ' 269 . 

a = 13^ 28"^ 3 , S = +35° 46 ' 

7 3, yellowish , 7 7, yellowish 

Discovered hy Otto Stiuve m 1844 
Observations 


t 

Bo 

o 

po 

ff 

n 

Obserreis 

t 

Bo 

Po 

n 

Observers 

1844 31 

218 0 

0 33 

1 

0 Struve 

1865 47 

228 6 

o''27 

1 

0 Stmve 

1846 38 

2311 

0 39 

3 

0 Stiuve 

1861 26 

242 8 

0 33 

1 

0 Stiuve 

1847 30 

222 7 

0 26 

1 

Madler 






1847 41 

2161 

018 

1 

Madler 

1865 60 

46 

oblonga 

1 

Dembowski 

1849 47 

218 0^ oblong 

1 

0 Struve 

1868 26 

senlplice — 

1 

Dembowski 

1861 30 

222 4 

0 20 

1 

Madler 

1872 47 

2671 

oblong 

1 

0 Struve 

1861 39 

228 9 _ 

0 33 

1 

0 Stiuve 

1877 26 

oblonga in 180°*!^ 

1 

Dembowski 



01' 269. 
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t 

eo 

Po 

n 

Observeis 

t 

6. 

Pc 

n 

Obsei*vers 

1883 41 

61°4 

0^22 

4 

Englemann 

1891 49 

28 9 

9 19 

2 

Schiapaielli 

1885 42 

195 

elong 

2 

Peiiotin 

1892 40 

215 0 

0 21 

2 

Buiiihain 

1889 52 

207 7 

0 22 

3 

Scliiapaielli 

1894 40 

210 6 

0 30± 

1 

Comstock 

1890 41 

26 3 

0 22 

1 

Scliiapaielli 

1895 41 

219 0 

0 226 

2 

Sohiapaielh 

1891 26 

213 4 

0 22 

3 

Eui Ilham 

1895 74 

235 4 

0 44 

1 

See 


Since the epoch of discovery in 1844: the companion has desci ibed an entire 
revolution, but the discoi dance of the observations renders it difficult to define 
the exact character of the orbit The measures are frequently very inconsistent, 
and the most careful selections aie necessary in forming the mean places 
During the past few yeais the system has received merited attention from 
Buenham and Sciiiapaeelli, their measures make known the nature of the 
motion and enable us to fix the elements with considerable precision. Burn- 
ham was the first to give a proper interpretation of the earlier observations 
(Obbervatoiy, July, 1891), and to find a satisfactory apparent ellipse Gore 
after waids attempted an investigation of the orbit based on the angles onlyj 
he found the following elements 

P = 47 70 yeais Q = 61° 93 
T = 1883 12 4 = 82° 81 

6= 0 0675 A. = 43° 61 

a = 0" 58 


The exclusive use of angles in deriving the orbits of close and difficult 
double stars has frequently led to erroneous results, because when the distance 
IS very small it is even moie reliable than the angle. The use of distances 
becomes not only important but also necessary when the orbit is highly inclined, 
and the companion therefore has an angular motion which is small compared 
to the errors of observation, as is the case with 01' 269. Accordingly in deal- 
ing with the orbit of this star we have given rather more attention to the 
distances than to the discordant and fiequently retrograding angles. Using 
certain selected measures of the best observers we find the elements of OS 269 
to be as follows: 


P = 48 8 years 
T = 1882 80 
6 = 0 361 
a'= 0" 3248 


S = 46° 2 
t = 71° 3 
X = 32° 63 
n = +7° 3771 
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02’ 269 


Apparent orbit. 


Length of ma] 0 i axis = 0" 64 

Length of minoi axis = 0" 20 

Angle of ma]oi axis = 47° 7 

Angle of peiiastion = 57° 8 


Distance of star fioni centie = 0" 102 

The period here found is undoubtedly veiy neaily coiiect, but the otb 
elements are subject to greater uncertainty Ilowcvei, the obscivation 
Englkmann in 1883 and Dembowski’s estimate in 1877, establish the esseiit 
nature of the periastron end of the appaient ellipse, and assuie us that 
laige corieetion of our appaient oibit will ever be lequired The eccentiu* 
IS not likely to be alteied by more than ±0 05, nor can the node and inch* 
tion suffer changes which aie pi oportionately larger Thus it appears that 1 
orbit 18 veiy satisfactoiy for the scant material now available, and while lai 
corrections are not to be anticipated, it will be desirable to improve upon tin 
elements when more good measures aie secured The ephemeris shows tl 
the star will be comparatively easy for a good many years, and it will the 
foie commend itself to the regular attention of observers 


t 

Oc 

Pc 

t 

6c 

Pc 


O 

ir 


0 

n 

1806 40 

232 4 

0 37 

1800 40 

220 0 

0 41 

1807 40 

224 0 

0 39 

1900 40 

228 2 

0 tl 

1898 40 

236 6 

040 





Comparison of Computer with Obsrrvko 


t 

6 , 

Oc 

Po 

Pe 



n 

Obsoiveis 

1844 31 

218°0 

216°6 

0 33 

030 

+ 24 

+0 03 

1 

0 Stmve 

1846 39 

223 8 

219 9 

0 39 

0 35 

+ 39 

+0 04 

1 

0 Stiuve 

1861 34 

228 9 

227 9 

0 33 

0 41 

+ 10 

-0 08 

1 

0 Stiuve 

1861 26 

242 8 

243 0 

0 33 

0 34 

- 20 

-0 01 

1 

0 Stiuve 

1872 47 

2671 

298 6 

oblong 

012 

-416 

— 

1 

0 Stiuve 

1877 26 

0 09 

28 0 

oblonga 

019 

-28 0 

— 

1 

Dembowski 

1883 41 

614 

62 8 

0 22 

016 

-140 

+0 06 

4 

Engleiiiaiin 

1889 62 

207 7 

199 6 

0 22 

017 

+ 82 

+0 06 

3 

Scliiai)aiel]i 

1890 41 

206 3 

206 4 

0 22 

0 21 

+ 09 

+0 01 

1 

Seluapaielli 

1891 26 

213 4 

209 6 

0 22 

0 24 

+ 39 

-0 02 

3 

Buinhain 

1891 49 

208 9 

210 4 

0 20 

0 24 

- 16 

-0 04 

2-1 

Schiapaielli 

1892 40 

216 0 

213 6 

0 21 

0 28 

+ 14 

-0 07 

2 

Buinham 

1896 07 

222 9 

220 0 

0 37 

0 36 

+ 29 

+0 02 

2 

Comstock 1 , See 1 

189641 

219 0 

220 7 

0 23 

0 35 

- 17 

-012 

2 

Schiaparelli 








25 CANUM YBIfATIOORTIM = 21768 


137 


25 CANUM VENATICORUM = SlTOB 

a = 13>' 33” , 8 = +80° 48' 

5, white , 8 5, blue 

Dtscooered hy William Strme in 1827 
Observations 


t 


po 

n 

Observers 

1829 89 

79 6 

105 

5 

Struve 

1833 12 

72 4 

109 

5 

Struve 

1836 50 

718 

107 

3 

Stiuve 

1841 17 

72 6 

101 

4 

0 Struve 

1841 37 

70 8 

100 

4-3 

Madlei 

1842 35 

67 7 

0 99 

3-1 

Dawes 

1843 35 

70 2 

102 

2 

Dawes 

1843 52 

70 5 

0 71 

3 

Mkdlei 

1846 80 

67 8 

0 72 

3 

0 Stiuve 

1847 71 

55 3 

0 40 

1 

Madlei 

1849 77 

65 6 

0 65 

3 

0 Stiuve 

1851 28 

56 5 

0 39 

6-4 

Madlei 

1852,82 

45.0 

0.3 ± 

4 

Madler 


' 862 

0 35± 

1 

Madler 

1854 43 

36 2 

0 35± 

3 

Dawes 

1854 78 

46 2 

0 35± 

2 

Madler 

1856 49 

25 7 

oblonga 

- 

Secchi 

1858 65 

26 7 

02± 

2 

Madler 

1859 41 

single 

— 

1 

0 Struve 

1860 36 

10-15 

015± 

1 

Dawes 

1861 26 

single 

— 

1 

0 Struve 

1861 58 

44 5 

— 

1 

Madlei 

1862 39 

single 

— 

1 

0 Stiuve 

1862 95 

180 9 

— 

1 

Dembowski 

1863 15 

315? 

— 

1 

Dembowski 

186544 

— 

lound 

1 

Dawes 

1868 13 

127? 

— 

1 

Dembowski 

1869 40 

178? 

— 

1 

Dun^r 

1870 43 

186 

01± 

1 

Duiidi 

1871 45 

47? 



1 

Dun(5r 


t 

6o 

Po 

n 

Obseivers 

1872 38 

0 

lound 

If 

1 

w & s 

1872 47 

58 ? 

— 

1 

0 stiuve 

1875 36 

single 

— 

1 

Hall 

1876 48 

1671 

0 63 

1 

0 Struve 

187549 

round 

— 

1 

Dun^r 

1876 42 

doubtful 



1 

Hall 

1876 45 

1614 

04± 

4 

Schiaparelli 

1877 37 

154 5 

04± 

10 

Schiaparelli 

1877 54 

164 7 

0 60 

1 

0 Stiuve 

1878 41 

1518 

0 76 

4 

Dembowski 

1879 43 

155 7 

0 6± 

6 

Schiaparelli 

1879 49 

167 5 

0 61 

6 

Hall 

1880 37 

167 6 

0 35 

2 

Hall 

1880 46 

165 0 

0 60 

2 

Buinham 

1881 24 

27 6 



1 

Doberck 

1881 32 

1616 

0 49 

1 

Bigourdan 

1881 40 

153 4 

0 00± 

5 

Schiapaielh 

1881 40 

157 4 

0 53 

3 

Hall 

1881 43 

155 9 

0 41 

3 

Buinham 

1882 27 

16 0 



1 

Doberck 

1882 33 

149 3 

0 75 

5 

Englcmaim 

1882 43 

162 7 

0 46 

3 

Hall 

1882 45 

1513 

07± 

8 

Schiapaielh 

1883 42 

147 0 

0 69 

1 

Hall 

1883 43 

1614 

0 80 

6 

Englemann 

1883 46 

149 0 

07± 

6 

Schiaparelli 

1883 51 

149 2 

0 63 

2 

Peirotin 

1884 33 

143 8 

— 

2 

Bigourdan 

1884 42 

145 5 

0 63 

3 

Hall 

1885 32 

148 2 

08± 

9 

Schiaparelli 

1886 37 

1491 

0 89 

3 

Pei lot in 

1886 64 

149 6 

0 77 

3 

Tarrant 

1886 38 

1431 



1 

Peiiotin 

1886 45 

146 2 

0 78 

4 

Hall 

1886 61 

146 7 

0 78 

4 

Schiaxoarelh 



138 25 CANUM VENATIOOEUM = JTITCS 


t 

Oo 

Po 

n 

Obfaeiveis 

t 


Po 

n 

Observeis 

1887 41 

1458 

ff 

0G7 

4 

Hall 

1892 17 

137°5 

0*98 

3 

Eurnham 

1887 46 

142 7 

0 72 

9 

Schiapaielh 

1892 64 

140 0 

0 95 

3-2 

Comstock 

1888 44 

145 8 

0 73 

3 

Hall 

1893 50 

138 4 

0 81 

2 

Schiapaielli 

1888 54 

142 9 

0 76 

5 

Schiapaielli 

1893 58 

138 9 

0 89 

1 

Comstock 

1889 48 

140 5 

084 

5-4 

Scliiapaielli 

1894 47 

1381 

0 86 

1 

Schiapaielli 



0 81 


Schiapaielli 

1895 11 

132 6 

1 35 

3 

Eaiiiaid 

1890 42 

137 9 

4 

1895 20 

134 5 

1 11 

4-5 

Bainaid 

1891 48 

1414 

0 80 

4 

Schiapaielli 

1895 28 

136 4 

3 06 

3-4 

See 

1891 51 

143 6 

0 93 

3 

Maw 

1895 52 

137 4 

0 90 

2 

Comstock 


The observations of this lemai table system prioi to 1840 gave evidence ol 
a slow retrogiade motion, and accoidmgly it leceivod the attention of Otto 
Steuvb, Madlbe, Dawbs, and subsequent obseivers. Up to this tune the 
ladius veetoi has swept ovoi 308° of position-angle, while the distance has 
diminished fioin 1" 13 to 0"23 and again increased to about its foiinei value 
The data fuinished by observation do not suffice to fix the elements of the 
orbit with gieat aecuiacy, but we believe that it is now possible to get a fair 
approximation to the motion, and that the lesulting elements will not be sensibly 
improved for a gieat many yeais 

When the measures of this stai aie examined it is found that they are far 
from satisfactoiy, and therefore we must not expect an agiecment such as 
could be obtained for easiei objects, wlieic the components are widci oi iiioic 
neaily equal in magnitude. Some of the recoided measuics are so iiiconsistciit 
that the mean places must be formed with caie, and even then the icpicsenta- 
tion of the motion is not entiiely satisfactory The smaller distances have been 
undei -measured, as is cleai fiom the fact that a stai of this difficulty could not 
be seen with small telescopes (such as those used between 1860 and 187i)), 
unless sepal ated by something like 0"3 Undei these ciicurastances it seemed 
propel to increase the measured distances iieai pcnastion, in Older that when 
plotted on the diagram of the appaient ellipse they might not convey to the 
reader an erroneous impiession In the table of computed and observed places, 
however, we have retained the original values, and it will be seen that the 
differences are not at all considciable Doubeck is the only astronomer who 
has previously computed an orbit for this pairj using measuies up to 1880 ho 
found 

P = 119 9 yeais Si = 42' 4 

T = 1863 0 i = 33° 3 

e = 0 72 X = 245° 0 

a = 0 " 81 




pOBl 



25 CAJiTOM VBNATIOOEUM = -S' 1768 
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A careful investigation of all the obsei’vations leads to the following ele- 
ments of 25 Canum Yenaticorum. 


Apparent orbit 


P = 184 0 years 
T = 1866 0 
e = 0752 
a == 1"1307 


Q = 123“ 0 
^ = 35° 5 
X = 201“ 0 
n = -r 9565 


Length of major axis = 1" 91 

Length of inmoi axis = 1" 08 

Angle of major axis = 108“ 9 

Angle of peiiastron = 286“ 4 

Distance of star from centre = 0" 714 


This orbit is remarkably eccentric, and so far as known is surpassed in 
this respect by four stars only — y Yirffims (0.9), yAndiomedae (0.85), y Cen- 
taui% (0 80) and 99 Herculis (0.78). "Whatever changes may hereafter be re- 
quired in these results, it is certain that the eccentricity will remain conspicuous, 
and will not be varied sensibly from the value here obtained. The period, 
however, remains unceitain by perhaps 25 years, so that the motion of the 
system is not so well determined as could be desired. An ephemeris is ap- 
pended for the use of observers 

OoHFAKISOlT ox COMPUTED WITH OBSERVED PLACES 


t 

9c 

Oo 

po 

Pc 

$0 $0 

Po — pc 

n 

Observers 

1827 28 

824 

79'’7 

It 

113 

It 

115 

+ 2 7 

-0 02 

1 

Stiiive 

1830 54 

78 9 

771 

110 

109 

+ 18 

+0 01 

4-3 

Stixive 

1833 12 

72 4 

74 8 

106 

104 

- 22 

+0 02 

5-4 

Stixive 

1836 60 

71 1 

715 

105 

0 96 

- 04 

+0 09 

2 

Stixxve 

1841 37 

70 8 

66 6 

100 

0 85 

+ 52 

+ 016 

4-3 

Madler 

1842 35 

67 7 

64 2 

0 99 

0 83 

+ 34 

0 06 

3-1 

Dawes 

1846 80 

67 8 

66 7 

0 72 

0 71 

+ 111 

+0 01 

3 

0 Stixxve 

1848 74 

60 6 

62 6 

0 53 

0 66 

+ 39 

-013 

4 

Madlei 1 , 0 Stiuve 3 

1861 28 

66 6 

47 3 

0 39 

0 60 

+ 92 

-0 21 

6-4 

Madlex 

1852 82 

40 6 

401 

0 ^5± 

0 54 

+ 06 

-019 

5-1 • 

Madler 

1854 43 

36 2 

35 2 

036± 

0 60 

+ 10 

-015 

3 

Dawes 

1857 57 

26 2 

19 8 

02 ± 

0 41 

+ 64 

-0 20 

3-2 

Secchi 1-0 , Mkdler 2 

1860 36 

15 ± 

356 9 

015± 

0 33 

+181 

-018 

1 

Dawes 

1862 95 

0? 

330 4 

— 

0 28 

+29 6 

— 

1 

Dembowski 

1863 16 

316’ 

328 4 

oblonga 

0 27 

-13 4 

— 

1 

Dembowski 

1868 76 

242 5 

236 5 

— 

0 24 

+ 60 



2 

Dembowski 1 , Duudr 1 

1870 94 

206 5 

206 2 

elong 

0 29 

-24 8 

— 

2 

Dundr 

1872 47 

238 ’ 

1901 

— 

0 35 

+48’ 


1 

0 Stnxve 

1875 48 

1671 

1713 

0 63 

0 47 

- 42 

+016 

1 

0 Struve 

1876 46 

1614 

167 2 

05 ± 

0 61 

- 58 

-0 01 

4-1 

Schiaparelli 

1877 46 

154 6 

163 6 

0 60 

0 65 

- 90 

+0 06 

11-1 

Schiaparelli 10-0 , 0 Struve 1 

1878 41 

1618 

160 6 

0 75 

0 68 

- 88 

+017 

4 

Dembowski 

1879 46 

166 6 

167 7 

0 60 

0 62 

- 69 

-0 02 

10-1 

Schiaparelli 5-1 , Hall 5-0 

1880 41 

156 3 

165 2 

0 60 

0 66 

- 02 

-0 06- 

4-2 

Burnham 2 , Hall 2-0 
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a CBNTAUEI 


t 

Oo 

Oc 

Po 

Pc 

6o 

-6. 

Po Pc 

n 

Observers 

1881 40 

1634 

163°3 

0 60 

0 69 

+ 

0 

01 

-0'09 

6 

Schiaparelli 

1882 39 

160 3 

1610 

0 72 

0 73 


07 

-0 01 

13 

Englemann 5 , Schiapaielli 8 

1883 45 

1491 

149 0 

0 75 

0 76 

+ 

01 

-0 02 

14-11 

HI 1-0 , En 6 , Sch 6 , Pei 2-0 

1884 42 

146 6 

147 4 

0 66 

0 80 

— 

19 

-014 

3-1 

Hall 

1886 41 

149 0 

145 8 

0 82 

0 82 

+ 

32 

±0 00 

16 

Sch 9 , Peiiotm 3 , Tan ant 3 

1886 48 

146 0 

144 2 

0 78 

0 86 

+ 

1 8 

-0 08 

8 

Hall 4 , Schiapaielli 4 

1887 46 

142 7 

143 0 

0 73 

0 88 

+ 

13 

-015 

13-9 

Schiapaielli 9" 

1888 49 

144 3 

1416 

0 76 

0 92 

+ 

28 

-017 

8 

Hall 3 , Schiapaielli 5 

1889 48 

140 6 

140 7 

0 84 

0 94 

— 

02 

-010 

5-4 

Schiapaielli 

1890 42 

137 9 

139 3 

0 84 

0 97 

— 

14 

-0 13 

4-3 

Schiapaielli 

1891 60 

142 6 

1381 

0 87 

100 

+ 

44 

—013 

7 

Schiapaielli 4 , IVTaw 3 

1892 17 

137 6 

137 6 

0 97 

102 

± 

0 0 

-0 05 

6-5 

Buinham 3 

1893 64 

138 6 

1361 

0 92 

1 06 

+ 

25 

—013 

3 

Schiapaielli 2, Comstock 1 

1894 47 

1381 

1354 

0 86 

1 07 

+ 

27 

-0 21 

1 

Schiapaielli 

1896 20 

133 9 

134 7 

1 11 

109 

— 

08 

+0 02 

7-5 

Bainaid 

1896 28 

136 4 

134 6 

1 06 

109 

-f 

18 

-0 03 

3-4 

See 


Ephbmeeis 


t 

Oc 

Pc 

t 

00 

Pc 

1896 60 

134'’o 

111 

1899 50 

131°6 

n 

1 17 

1897 50 

133 2 

113 

1900 50 

130 9 

119 

1898 50 

132 4 

115 





a CEITAUET. 

a = 14*' 32»' 0 , S = — G0° 25' 

1, oiange yellow , 2, oiange yellow 

Discoimed hi/ Fathei Riohaud at Pondtcheiiij, India, Decemhet, 1G89 

Obseevations 


t 

6c 

0 

Po 

If 

n 

Obscivers 

t 

6o 

Po 

n 

Observers 

1690 0 



1 

Richaiid 

1834 33 

217°33 

n83 

1 

Ileischelf- 

1709 5 

— 

— 

1 

Peuillee 

1834 46 

218 78 

17 50 

2 

Ileischel 

1752 20 

218 73 

20 51 


Lacaillo 

1835 08 

218 80 

17 33 

1 

Heischel 





1836 89 

219 69 

17 02 

11-1 

Heiscliol 

17615 

— 

15 6 

1 

Maskelyne 

1836 61 

220 26 

16 76 

1 

Ileischel 

1822 00 

209 6 

28 76 

- 

Fallows’**' 

1837 22 

220 65 

16 39 

4 

Heischel 

1824 00 

21541 

22 45 

35+ 

Biisbane 

1840 00 

223 2 

14 74 


Macleai 

1820 01 

21318 

22 45 

— 

Dunlop 





1830 01 

21503 



1846 21 

232 4 

10 96 

3 

Jacob 

19 95 

- 

Johnson 

1846 80 

234 3 

9 56 

4 

Jacob 

1831 00 

215 97 

22 56 


Tayloi* 

1847 09 

235 7 

9 33 

2-3 

Jacob 

1832 16 

216 35 

19 85 

- 

Jolmson and 

T lyloi'*' 

1847 36 

234 5 

9 31 

3 

Jacob 

1833 0 

217 46 

18 67 

7± 

Hencleison 

1848 00 

237 93 

8 06 13-12 

Jacob 


* Taken on tlie authority of Sie John IlEEftcuBL 
tHsEsciiBL’s means have been formed anew 
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f 

So 

Po 

n 

Observers 

1840 63 

2U5 

623 

- 

Jacob 

1849 94 

245 25 

6 96 

1 

Maclear 

1849 97 

245 42 

7 04 

3-2 

Maclear 

1850 10 

246 63 

7 01 

1 

Maclear 

1850 17 

246 76 

7 08 

6 

Maclear 

1850 20 

245 86 

6.84 

3 

Maclear 

1850 31 

247 07 

6 75 

4 

Maclear 

1850 37 

247 52 

6 62 

7 

Jacob 

1850 38 

246 74 

712 

1 

Maclear 

1860 41 

242 0 

7 78 

16 

Gilhss 

1860 61 

248 84 

6 68 

3 

Maclear 

1850 64 

2491 

6 20 

7 

Jacob 

1860 92 

260 27 

5 88 

6 

Jacob 

1850 94 

251 84 

6 02 

3 

Maclear 

1851 02 

261 05 

6 88 

8 

Jacob 

1851 08 

252 50 

612 

3 

Maclear 

1851 20 

252 13 

6 94 

10-8 

Jacob 

1861 33 

253 92 

6 02 

6 

Maclear 

1851 66 

254 42 

6 88 

3 

Maclear 

1851 70 

256 38 

6 27 

8 

Jacob 

1851 94 

266 58 

6 80 

3 

Maclear 

1861 94 

258 2 

511 

9-8 

Jacob 

1861.99 

258 86 

5 08 

8-7 

Jacob 

1862 26 

269.02 

6 72 

3 

Maclear 

1852 27 

26107 

6 03 

7 

Jacob 

1852 38 

26188 

4 94 

6 

Jacob 

1862 43 

26167 

6 27 

6 

Maclear 

1862 53 

26416 

6 00 

4 

Jacob 

1852 66 

262 8 

5 03 

- 

Maclear 

1862 58 

262 89 

5 18 

7-9 

Maclear 

1852 73 

262 45 

4 95 

5-2 

Maclear 

1862 79 

263 31 

— 

4 

Maclear 

1863 06 

267 67 

4 65 

- 

Jacob 

1863 13 

266 54 

4 84 

4-6 

Maclear 

1853 15 

268 33 

4 59 

- 

Jacob 

1853 34 

268 72 

4 87 

5 

Maclear 

1863 60 

27103 

4 68 

6 

Maclear 

1853 58 

27217 

4 57 

2-1 

Mann 

1853 58 

270 10 

— 

- 

Powell 

1863 92 

276 19 

444 

4-3 

Maclear 

1854 00 

276 63 

4 21 

— 

Jacob 

1864 03 

276 86 

— 

7 

Powell 

1854 24 

278 98 

4 62 

4 

Maclear 

1864 26 

279 06 

416 

2 

Jacob 

1854 26 

279 62 

— 

4 

Powell 


t 

Oo 

Po 

n 

Observers 

1854 63 

283*44 

It 

3 

Powell 

1864 66 

282 81 

4 4.3 

5 

Maclear 

1864 93 

286 88 

3 90 

5-4 

Maclear 

1854 96 

288 02 

— 

2 

Powell 

1855 06 

289 32 



10 

Powell 

1855 23 

290 19 

4 38 

3 

Maclear 

1866 29 

292 60 

— 

6 

Powell 

1865 33 

293 8 

411 

10 

l^owell 

1856 36 

291 96 

4 38 

4 

Maclear 

1855 54 

294 73 

— 

6 

Powell 

1856 02 

30102 

3 99 

11-6 

Powell ^ 

1856 02 

302 13 

3 85 

7-6 

Maclear 

1856 10 

303 06 

3 88 

18 

Jacob 

1856 38 

306 92 

4 06 

1 

Maclear 

1866 61 

309 84 

3 93 

10-9 

Jacob 

1856 91 

311 26 

4 21 

4 

Mann 

1856 94 

311 88 

— 

11 

G Maclear 

1866 95 

310 78 

4 05 

6 

Maun 

1856 96 

315 77 

3 96 

10-9 

eTacob 

1857 16 

318 19 

4 02 

16 

Jacob 

1857.39 

320 60 

4 47 

2-1 

Maclear 

1867 86 

326 48 

414 

14 

Jacob 

1868.17 

330 51 

4.39 

6 

Jacob 

1858.23 

339 42 

509 

3 

Maclear 

1859 34 

339 71 

618 16-12 

Powell 

1869 43 

343 44 

510 

6 

Mann 

1869 62 

3418 

4 92 

4 

l^owell 

1859 97 

346 08 

5 00 

3 

Maun 

1860 06 

346 65 



1 

G Maclear 

1860 09 

346 4 

6 65 17-13 

Powell 

1860 18 

349 34 

5 52 

4-1 

Maclear 

1860 35 

348 87 

— 

3 

Maclear 

1860 48 

348 7 

5 68 

1 

Powell 

1861 06 

351 08 

6 07 10-9 

Powell 

1861 09 

353 65 

6 09 

3 

Maclear 

1861 31 

353 03 

6 21 

r 

Powell 

1861 68 

364 26 

6 32 

6-3 

Powell 

1862 0 

00 

10 0 

— 

Ellery* 

1862 20 

357 84 

6 80 

T 

Powell 

1862 47 

00 

— 

- 

Elleryt 

1862 56 

138 

7 65 

3 

Maclear 

1863 03 

14 

72 

6-4 

Powell 

1863 76 

62 

85 

" 

Ellery 


^Apparently a rough “ guess ” 
t From transit observations 
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t 

Oo 

Po 

n 

Obseiveis 

1864 11 

o 

67 

7 85 

7-5 

Powell 

1864 72 

— 

81 

- 

Elleiy 

1865 66 

17 3 

9 96 

1 

Elleiy* 

1866 06 

111 

93 

3 

Powell 

1868 17 

— 

92 

— 

Elleiy 

1868 18 

— 

96 

- 

Elleiy 

1868 38 

13 69 

10 29 

2 

Mann 

1868 61 

218 

11 02 

6 

Elleiy* 

1869 13 

17 97 

10 4 

2 

Powell 

18701 

20 46 

10 24 

13-12 

Powell 

1870 61 

218 

10 09 

6-4 

Powell 

1870 66 

— 

10 2 

- 

Elleiy 

1870 66 

24 7 

10 46 

3 

Elleiy* 

1870 75 

22 63 

10 46 

4 

Eussell 

1871 05 

23 01 

9 89 

11 

Powell 

1871 31 

23 7 

98 

7 

Powell 

1871 48 

22 91 

10 22 

2 

Eussell 

1871 51 

24 2 

9 41 

1 

Elleiy 

1872 47 

26 31 

9 73 

2 

Eussell 

1872 56 

241 

10 36 

1 

Elleiy 

1873 16 

— 

83 

- 

Elleiy 

1873 33 

281 

9 60 

1 

Eussell 

1874 15 

30 5 

80 

— 

Elleiy 

1874 47 

30 0 

7 97 

2 

Eussell 

1874 86 

34 17 

— 

- 

Lindsay 

1875 02 

34 21 

6 82 

- 

Seeliger 

1875 94 

39 3 

6 68 

1 

Elleiy* 

1876 41 

46 97 

4 35 

2 

Eussell 

1876 61 

53 05 

415 

2 

Elleiy 

1876 90 

64 3 

4 94 

1 

Elleiy 

1876 94 

612 

46 

1 

Elleiy 

1877 14 

64 4 

3 30 

— 

Maxwell Ilall 

1877 26 

691 

313 

5 

Elleiy 

1877 62 

72 77 

2 60 

2-1 

Eussell 

1877 66 

77 25 

211 

3 

Eussell 

1877 67 

80 60 

213 

2-3 

Gill 

1877 69 

81 74 

190 

3 

Eussell 

1877 63 

8149 

194 

3-1 

Gill 

1877 82 

97 12 

186 

2-3 

Gill 

1877 89 

10112 

162 

2 

Gill 


* From transit observations 
t From /la and /IS 


t 

6o 

Po 

n 

Observers 

1878 16 

116°98 

It 

177 

1 

Eussell 

1878 22 

119 82 

195 

3 

Eussell 

1878 28 

127 37 

177 

1 

Eussell 

1878 38 

139 10 

2 40 

- 

Maxwell Hall 

1879 26 

174 40 

3 41 

— 

Elleiy 

1879 47 

173 66 

3 41 

2 

Haigiave 

1880 18 

183 9 

5 22 

4 

Tebbutt 

1880 39 

185 2 

5 66 

3 

Tebbutt 

1880 45 

184 98 

6 62 

1 

Eussell 

1881 28 

189 88 

5 07 

1 

Llaigiave 

1881 54 

190 13 

7 62 

1 

Haigjavo 

1881 65 

193 15 

7 94 

2 

Tebbutt 

1882 00 

194 44 

8 23 

18 

Gill 

1882 22 

194 6 

8 70 

1 

Tebbutt 

1882 50 

195 82 

912 

52 

Elkin 

1884 19 

199 0 

11 96 

__ 

Eussell 

1884 43 

199 5 

12 32 

- 

Eussellt 

1884 53 

199 80 

12 93 

6 

Tebbutt 

1886 66 

200 8 

14 05 

4-3 

Tebbutt 

1886 27 

202 6 

14 89 

6 

Pollock 

3886 38 

200 4 

14 74 

1 

Eussell 

1886 52 

2012 

16 19 

1 

Eussell 

1886 65 

201 02 

14 87 

4 

Pollockt 

1886 56 

202 42 

1513 

10 

Pollock 

1886 58 

2017 

16 18 

3 

Eussell 

1886 60 

201 41 

16 16 

4 

Tebbutt 

1887 39 

202 3 

16 06 

3-5 

Tebbutt 

1887 43 

202 08 

16 83 

6-6 

Pollock 

1887 60 

202 36 

16 28 

3-2 

Tebbutt 

1887 72 

20216 

16 18 

2 

Tebbutt 

1887 74 

203 0 

15 73 

4 

Pollock 

1888 30 

203 4 

16 87 

3 

Tebbutt 

1888 63 

202 93 

17 12 

1 

Tebbutt 

1889 46 

204 5 

17 91 

3 

Pollock 

1890 41 

206 2 

18 58 

2 

Tebbutt 

1890 47 

204 75 

18 66 

4-3 

Sellois 

1890 60 

206 05 

19 06 

3-2 

Sellois 

1890 74 

204 6 

18 69 

1-3 

Tebbutt 

1891 43 

205 62 

19 16 

6-4 

Sellois 

1891 66 

207 17 

19 25 

4-2 

Tebbutt 
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t 

Oo 

Po 

n 

Observers 

i 

9o 

Pc 

n 

Observers 

1891 57 

206°3 

lQ24c 

2 

Sellers 

1893 21 

206°75 

20' 22 

2-1 

W H Pickering 

1891 64 

206 4 

19 35 

3-6 

Tebbutt 

1893 34 

206 4 

19 92 

8 

Sellers 






1893 42 

206 73 

20 32 

6-4 

Tebbutt 

1892 30 

206 45 

19 52 

2 

Gill & Pmlay* 

1893 49 

206 5 

20 24 

8 

Sellers 

1892 40 

205 46 

19 73 

5-4 

Sellers 

1893 50 

206 75 

20 53 

4-2 

Tebbutt 

1892 45 

205 53 

19 75 

r-4 

Tebbutt 






1892 58 

205 83 

19 73 

8-5 

Tebbutt 

1894 47 

207 2 

20 58 

6 

Sellers 

1892 76 

206 9 

19 96 

1 

W H Pickering 

1894 78 

208 0 

20 72 19-11 

Tebbutt 

1893 21 

206 9 

20 04 

1 

A E Douglass 

1895 55 

207 8 

20 97 16-10 

Tebbutt 


In attempting to investigate the orbit of a Centauri it seems desirable to 
review briefly the work already done on this celebrated system. 

The record left ns by Ktoiiaud does not throw much light upon the nature 
of the orbit, but is of considerable historical interest 

“Eegardant a I’occasion de la Comete pliisieiu’s fois Ics picds dii Cemtaure 
avec une lunette d’eiiviron doiize pieds, ]e remarquai quc Ic pied le plus oriental 
et le plus brillaiit etoit une double etoile aiissi bieii quc Ic picd de la croisade; 
avec celte difference que dans la croisade, une ctoilc parait avee la lunette 
notablement eloignce de Tautre; an li-eu qu’ au pied dii Gentaure, les deux 
ctoiles paraissent m§me avec la lunette presque se toucher j quoique cependant 
on les distingue aisement.^f 

The next record of a Centauri was made by Father Feuillke, who ob- 
served at Lima, Peru, July 4, 1709; in his Journal des Observations, &c., Paris, 
1714, tome I, p. 425, we find the following account* 

“ Sur les deux heures du matin, en attendant que je pusse observer I’cmersion 
dll premier satellite de Jupiter, que des nuages me cacherent, j’observai avec une 
lunette de 18 pieds I’etoile de la premier grandeur qui est au pied boreal du 
devant du Gentaure, je trouvai cette etoile composee de deux, dont I’une est dc 
la troisieme grandeur et I’autre de la qiiatrieme. Celle de la qiiatriemo grandeur 
est la plus occidentale, et leur distance est egale au diametre de cette etoile ” 

From this rather mdefinite observation Powell infers that the distance of 
the components in 1709 was about 10", and attaches considerable importance to 
the remark that the companion was “the more westerly” (la plus occidentale) 
Unfoitunately the language is rather ambiguous, and we can not tell whether 
Fbuillbe meant that the compamon was really to the west of the central star, 
or whether it merely appeared to the west in the inverted field of view. As 


* By photography 

t Publications of the Royal Academy of Sciences, Pans, 1692, or Monthly Notices, 1884-5, p 18 
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a Genfauri was low m the southwest when the observation was made, it is also 
possible that the lemark may have aiisen, as Me Eobbets has observed, fioin 
the position of the heavens at that instant rather than the position-angle of the 
companion In any ease it follows from the oibit here deduced that the 
position-angle was 24° 3, and the distance 10".07 

The third observation of a Centautt was made by Laoajlle at the Cape 
of Good Hope in 1752 While determmmg the positions of southern stars he 
obseived the components of a Centami, and from the lesulting Aa and Jli we 
find the values of p and 6 given m the hst of measuies The obseivatious of 
Laoaillb weie first punted in the Co&lam Aasbede 8tell%feru7n, winch was ])ub- 
hshed at Pans m 1763, and lepnnted in 1847 by the British Association for 
the Advancement of Science, undei the auspices of a Committee composed of 
Heeschel, Hendeeson and Baily. Lacaillb’s observations appear to be as 
good as could be expected fiom the instruments and methods employed. 

In 1761 a Gentami was observed on one night by Maskblynb while at 
the island of St Helena, by means of a rough divided-object-glass micrometer 
he found a distance of 15" 6 

The observations made eaily in the piesent centuiy by Fallows, Betbbanb, 
Dijelop, Johnson, Tatloe and Hendeeson, rest on measuies of Aa and Ad 
The observation of Fallows was made with a small and defective Altitude and 
Azimuth Insti’ument, and is entiiely eiioneous For a long tunc this measure' 
was veiy misleading to computeis, as it indicated an eccentricity of about ()9() 
The results of Beisbane, Dunlop, Johnson, Tayloe and IIenbekson au' 
hkewise unworthy of any high degree of confidence The first observations of 
conspicuous woith aie the imci ometrical measures made by Sie John IlEEScnEL 
at the Cape of Good Hope The measui’es of Hbesohbl taken in conjunction 
with otheis lecently made expressly for the purpose have enabled us to de- 
termine the orbit of a Gentaun with a degree of precision which appeal s extra- 
ordmary when we consider the character of the observations It will bo found 
on inspecting the hst of measures that many of them aie vitiated by seiisible 
errors of observation, which are paitly systematic and paitly accidental Wo 
must remember, however, in judging of the value of lesults that a Gentaw% is 
a very bnght stai, so that the images are unusually large, and hence if the 
telescope is not practically perfect, and the atmospheric conditions favorable, 
we could hardly expect that the measuies will be very accordant It is also 
to be remembered that the southern obscrveis are not specialists in double-stai* 
woik, and hence we can not expect results such as could be obtained by t,he 
skdl of a Buenham or a Steuve Nevertheless, the measures of a Gentawt, 
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taken as a whole, will enable us to obtain one of the best orbits yet deduced 
for any binary, and we may gratefully acknowledge our deep obligation to 
the southern observers, who amid many difficulties have measured this star 
with care and assiduity 

In the list of measures given above will be found all the records which 
are of any value The observations of T. Macleak, Gr. Maoebar and W. Makn, 
which were made about the middle of the century, are taken from De. Elkest’s 
Inaugural Dissertation, in which they were first printed; the number of nights 
was kindly supplied by De. Elkes' in a private letter. Most of the other 
measures are taken from the Memoirs and Monthly JSFotices of the Royal Astro- 
nomical Society. In this connection I take occasion to acknowledge my special 
obligations to Messes. Tebbutt, PiOKBErsrG, Douglass, Russell, Sblloes, 
Gill and Feslat for securmg sets of measures expressly for this investigation, 
also to thank Heee Hans Ludendoeee of the Royal Observatory, Berlin, for 
confii*ming from original sources the measures of Laoati.le, Brisbane, Dunloe 
and Johnson. 

Most of the orbits determined before 1875 have now only historical interest, 
and among those more reeently determined only three are approximately 
correet; namely, those of Roberts (A.JV., 3175), See {M.JSr, Dec., 1893), and 
Dobeeok (AJSF., 3330) . The following table of the elements found by previous 
computers is essentially complete: 


p 

T 

e 

a 

SI 

% 

7l 

Authority 

Source 

yrs 

77 0 

1861 60 

0 950 

It 

15 6 

8612 

4:T\t 

29137 

Jacob, 1848 

Mem E A S , XVII, p 88 

79 0 

1863 26 

0 818 

— 

— 

— 

32 7 

Jacob 

AN,XLiy,p 43 

80 94 

1869 42 

0 7752 

13 57 

16 7 

62 9 

26 03 

Hmd, 1861 


76 3 

1868 012 

0 966 

30 

177 83 

77 83 


Powell, 1864 

Mem R A S , XXIV, 08 

82 69 

1867 012 

0 969 

3176 

26 

77 3 

27 66 

Powell, 1864 
Copeland, 1869 

Mem R A S , XXIV, 93 

77 81 

1871 346 

0 7033 

20 676 

22 35 

80 96 

68 43 


76 26 

1874 2 

0 63944 

20 13 

24 3 

81 22 

69 2 

Powell, 1870 

M K , XXX, 192 

86 042 

1874 86 

0 6673 

21 797 

218 

82.3 

69.63 

Hmd, 1877 

M X , xxxyii, 97 

88 636 

1876 12 

0 6332 

18 46 

26 23 

79.4 

46 97 

Doberck, 1877 

A K , 3330 

77 42 

1876 97 

0 6260 

17 50 

25 78 

79 63 

64 83 

Elkm, 1880 

Dissertation, p 8 

76 222 

1876 961 

0 5168 

17 33 

26 61 

79 26 

64 98 

Downing, 1884 

M ]sr , XLiy, 289 

87 438 

1876 46 

0 644 

18 89 

26 83 

79 78 

48 98 

Powell, 1886 
Gill 1882 

M X , XLyi, 387 

80 34 

1876 74 

0 626 

17 20 

26 22 

79 63 

62 6 

Mem BAS, XLyill, 16 

81186 

1875 715 

0 62865 

17 71 

251 

79 36 

62 02 

Roberts, 1893 

A X , 3176 

81 07 

1875 62 

0 620 

17 706 

26 46 

79 74 

61 66 

See, 1893 

MX, Dec 1893 

79 123 

1876 02 

0 61184 

18 45 

26 42 

79 23 

62 88 

Doberck, 1896 

A X , 8380 

83 666 

1876 67 

0 52262 

18 166 

26 9 

79 32 

49 42 

Dobeick, 1896 

A X , 3330 


^ After careful study of all the observations we have formed mean places 
and reduced them for precession to 1900.0. These places are given m the 
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accompanying table, ■which also contains the comparison resulting from the 
elements found below. 


CoMPAEisoN OP Computed -with Odspeved Placps 


t 

Oo 

6c 

Po 

Pc 

6o-6c 

Po-^c 

n 

Obsei vei s 

1690 00 

0 

258°94 

n 

// 

6 67 

0 

n 

1 

Eicliaud 

1709 60 

— 

23 86 

— 

9 94 

— 

— 

1 

!Peuill6e 

1752 2 

217 84 

217 21 

20 51 

18 36 

+0 63 

+215 

— 

Lacaille 

1822 0 

209 05 

211 17 

28 76 

22 06 

-212 

+6 69 

— 

Tallows 

1824 0 

214 88 

212 21 

22 45 

21 28 

+2 67 

+117 

35+ 

Biisbane 

1826 01 

212 66 

213 07 

22 46 

21 26 

-0 41 

+1 19 

— 

Dunlop 

1830 01 

214 64 

216 01 

19 95 

19 95 

-0 47 

±0 00 

— 

Johnson 

18310 

215 49 

216 77 

22 66 

19 28 

-0 28 

+3 28 

— 

Taylor 

1832 16 

216 87 

216 47 

19 85 

18 68 

-0 60 

+1 17 

— 

Johnson and Tayloi 

1833 0 

216 98 

217 03 

18 67 

18 42 

-0 05 

H“0 25 

7± 

Hendeison 

1834 33 

216 87 

217 92 

17 83 

17 68 

-105 

+016 

1 

Heischel 

1834 46 

218 32 

217 99 

17 60 

17 67 

+0 33 

-017 

2 

Heischel 

1835 08 

218 36 

218 47 

17 33 

17 63 

-0 12 

-0 30 

2-1 

Herschel 

1835 89 

219 14 

219 07 

17 02 

17 06 

+0 07 

-0 04 

11-1 

Heischel 

1836 61 

219 82 

219 67 

16 76 

16 43 

+016 

+0 33 

1 

Herschel 

1837 22 

220 21 

220 18 

16 39 

16 17 

+0 03 

+0 22 

4 

Heischel 

1840 0 

222 78 

222 89 

14 74 

14 42 

-on 

+0 32 

— 

Maclear 

1846 21 

232 02 

232 87 

10 96 

9 70 

-0 86 

+1 26 

3 

Jacob 

1846 80 

233 93 

234 33 

9 66 

918 

-0 40 

+0 38 

4 

Jacob 

1847 09 

236 33 

235 21 

9 33 

8 90 

+012 

+0 43 

2-3 

Jacob 

1847 36 

234 13 

235 87 

9 31 

8 76 

-174 

+0 65 

3 

Jacob 

1848 00 

237 67 

237 80 

8 06 

8 36 

-0 23 

-0 30 

13-12 

Jacob 

1849 63 

24415 

243 97 

6 23 

712 

+018 

-0 89 

_ 

Jacob 

1849 96 

244 98 

245 48 

7 00 

6 83 

-0 50 

+0 17 

4-3 

Macleai 

1860 20 

244 97 

246 66 

6 92 

6 57 

-158 

+0 36 

14 

Maclear 

1860 38 

246 28 

247 91 

6 82 

6 46 

-153 

+0 36 

8 

Jacob 1 , Macleai 7 

1860 41 

24166 

247 96 

7 78 

6 44 

-6 31 

+0 34 

16 

Gilliss 

1850 62 

248 62 

249 22 

6 39 

6 32 

-0 60 

+0 07 

10 

Macleai 3 , Jacob 7 

1850 93 

250 7 

250 48 

5 95 

610 

+0 22 

-016 

10-9 

Jacob 7-6 , Macleai 3 

1861 10 

261 56 

261 45 

5 98 

6 04 

+0 10 

-0 06 

21-19 

Jacob 8 , Maclear 3 , Jacob 10-8 

1861 44 

263 33 

253 90 

6 96 

5 76 

-0 57 

+0 20 

8 

Maclear 5 , Maclear 3 

1861 87 

256 14 

256 66 

6 63 

5 63 

-0 41 

±0 00 

11 

Jacob 8 , Maclear 3 

1861 96 

268 18 

257 19 

6 09 

6 48 

-0 99 

-0 39 

17-16 

Jacob 9-8 , Jacob 8-7 

1862 33 

260 58 

259 96 

5 24 

6 28 

+0 63 

-0 04 

21 

Maclear 3 , Jacob 7 , Jacob 6 , Macleai 5 

1862 64 

262 78 

262 40 

5 03 

6 01 

+0 38 

+0 02 

20-16 

Ja 4 , Mac - , Mac 7-9 , Mac 5-2 , Mac 4 

1863 27 

268 73 

268 18 

4 69 

4 76 

+0 65 

-0 06 

19-18 

Ja — j ]\4ac 4—6 ^ Ja — ^ IMac 5 ^ IVEac 6 j 
Powell - , Macleai 4-3 [Mann 2-1 

1853 76 

272 32 

272 61 

4 44 

: 4 50 

-0 29 

-0 06 

4-3 

1854 16 

277 91 

277 60 

' 4 33 

436 

+0 31 

-0 03 

17-6 

Jacob-, Po 7-0, Mac 4, Ja 2, Po 4-0 

1854 79 

284 72 

286 35 

419 

' 416 

-0 63 

+0 03 

16-9 

Powell 3-0 , Mac 5 , Mac 5-4 , Po 2-0 

1866 26 

291 26 

290 90 

4 29 

420 

+0 36 

+0 09 

32-17 

Po 10-0 , Mac 3 , Po 5-0 , Po 10 , Mac 4 

1866 13 

302 97 

302 33 

; 3 94 

: 408 

+0 64 

-014 

42-31 

Po 5, Po 11-6, Mac 7-6, Ja 18, Mac 1 

1866 61 

309 84 

307 72 

3 93 

i 410 

+212 

-017 

10-9 

Jacob 

1866 94 

312 11 

312 80 

4 07 

416 

-0 69 

-0 09 

31-i9 

Mann 4 , G Mac 11-0 , Mann 6 , Ja 10-9 

1867 27 

319 09 

337 57 

4 24 

: 4 24 

+162 

±0 00 

17-16 

Jacob 15 , Macleai 2-1 

1867 86 

326 18 

326 16 

414 

: 442 

+0 03 

-0 28 

14 

Jacob 

1868 17 

330 22 

: 328 09 

4 39 

4 50 

+213 

-on 

6 

Jacob 

1859 33 

340 6 

339 49 

612 

5 06 

+111 

+0 06 

23-20 

Maclear 3 , Powell 15-12 , Mann 5 

1869 52 

34162 

341 38 

4 92 

615 

+014 

-0 23 

4 

Powell 

1869 97 

346 8 

344 89 

5 00 

6 40 

+0 91 

-0 40 

3 

Mann 

1860 27 

347 78 

346 70 

6 62 

6 66 

+1 08 

+0 06 

26-15 

G Mac 1 , Po 17-13 , Mac 4-1 , Mac 3-0 , 

1861 07 

362 09 

36196 

6 08 

6 06 

+013 

+0 03 

13-12 

Powell 10-9 , Maclear 3 [Po 1 

186144 

363 38 

354 16 

6 26 

6 26 

-0 77 

+0 01 

12-10 

Powell 7 , Powell 5-3 

1862 41 

359 47 

368 15 

717 

710 

+122 

+0 07 

10 

Powell 7 , Elleiy - , Macleai 3 
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t 






Po Pe 

n 

Observers 

1863 03 

o 

114 

2 64 

// 

72 

a 

734 

-1 60 

-014 

6-4 

Powell 

1863 76 

4 95 

4 43 

86 

7 73 

+0 62 

+0 77 

_ 

Elleiy 

1864 11 

5 65 

6 74 

7 86 

7 96 

-0 19 

-Oil 

7-6 

Powell 

1864 72 

— 

7 70 

81 

8 38 

— 

-0 28 

s± 

Elleiy 

1865 66 

17 06 

10 14 

9 96 

8 75 

+ 7 92 

+120 

1 • 

Elleiy 

1866 06 

10 86 

11 60 

93 

9 22 

-0 74 

+0 08 

3 

Powell 

1868 38 

13 37 

15 70 

10 29 

10 08 

-2 33 

+0 21 

2 

Mann 

1868 51 

21 68 

16 09 

11 02 

10 13 

+ 5 49 

+0 89 

5 

Ellery 

1869 13 

17 76 

18 46 

10 4 

10 40 

-0 70 

±0 00 

2 

Powell 

18701 

20 24 

20 42 

10 24 

10 30 

-0 18 

-0 06 

13-12 

Powell 

1870 61 

21 69 

21 47 

10 09 

10 28 

+ 0 12 

-019 

6-4 

Powell 

1870 66 

24 6 

21 66 

10 32 

10 28 

-0 05 

+0 06 

3-6 ± 

Ellery 

1870 76 

22 33 

21 78 

10 46 

10 26 

+ 0 55 

+0 20 

4 

Eussell 

1871 18 

23 16 

22 74 

9 84 

10 18 

+0 41 

-0 34 

18 

Powell 11 , Powell 7 

Eussell 2 , Ellery 1 

1871 49 

23 36 

23 30 

9 82 

10 08 

+0 06 

-0 26 

3 

1872 61 

24 61 

25 07 

10 04 

9 60 

-0 56 

+0 44 

3 

Eussell 2 , Ellery 1 

1873 26 

27 91 

28 34 

8 90 

8 90 

-0 43 

±0 00 

1-3 ± 

Ellery - , Eussell 1 

1874 31 

30 07 

31 00 

7 98 

7 60 

-0 93 

+0 38 

3-4 ± 

Ellery - , Eussell 2 

1876 02 

34 04 

34 45 

6 82 

6 50 

-0 41 

+ 0 32 

_ 

Seeliger 

1876 94 

39 13 

40 50 

6 68 

4 86 

-1 37 

+ 182 

1 

Ellery 

1876 41 

46 80 

45 93 

4 35 

3 98 

+0 87 

+0 37 

2 

Eussell 

1876 61 

50 89 

50 09 

415 

3 56 

+ 0 80 

+0 59 

2 

Elleiy 

1876 92 

67 09 

55 86 

4 72 

3 00 

+ 1 23 

+ 172 

2 

Elleiy 

1877 14 

64 4 

6150 

3 30 

2 60 

+2 90 

+0 70 


Maxwell Hall 

1877 25 

68 94 

69 95 

313 

2 45 

-1 01 

+0 68 

5 

Ellery 

1877 62 

72 61 

77 41 

2 GO 

210 

-4 80 

+0 50 

2-1 

Eussell 

1877 66 

77 09 

79 70 

211 

2 01 

-1 61 

+010 

3 

Eussell 

1877 67 

80 34 

80 21 

213 

2 00 

+ 013 

+013 

2-3 

GiU 

1877 69 

81 68 

81 37 

1.90 

198 

+0.21 

-0 03 

3 

Eussell 

1877 63 

81 33 

83 68 

1 94 

192 

-2 26 

+0 02 

3-1 

Gill 

1877 82 

96 97 

96 24 

186 

176 

+0 73 

+010 

2-3 

Gill 

1877 89 

100 97 

101 16 

1 62 

170 

-0 18 

-0 08 

2 

Gill 

1878 16 

116 83 

122 39 

1 77 

167 

-6 66 

+010 

1 

Eussell 

1878 22 

119 67 

127 61 

196 

168 

-7 84 

+0 27 

3 

Eussell 

1878 28 

127 12 

131 01 

1 77 

171 

-3 89 

+0 06 

1 

Eussell 

1878 38 

138 96 

138 22 

2 40 

178 

+0 73 

+0 62 

— 

Maxwell Hall 

1879 26 

174 26 

172 21 

3 41 

312 

+1 96 

+0 29 

— 

Ellery 

1879 47 

173 41 

176 36 

3 41 

3 56 

-2 94 

-0 15 

2 

Hai grave 

1880 18 

183 76 

184 97 

5 22 

4 93 

-1 21 

+0 29 

4 

Tebbutt 

1880 39 

185 06 

18670 

6 66 

5 36 

-1 64 

+0 20 

3 

Tebbutt 

1880 46 

184 84 

187 06 

6 62 

6 53 

-2 21 

-0 01 

1 

Eussell 

1881 28 

189 76 

19172 

5 07 

711 

-1 97 

-2 04 

1 

Hargrave 

1881 64 

190 00 

192 77 

7 62 

7 64 

-2 77 

-0 12 

1 

Hargrave 

1881 65 

193 02 

19318 

7 94 

7 82 

-016 

+012 

2 

Tebbutt 

1882 00 

194 44 

19433 

8 23 

8.45 

+011 

-0 22 

18 

Gill 

1882 22 

194 48 

194 87 

8 70 

8 80 

-0 39 

-010 

1 

Tebbutt 

1882 50 

196 82 

196 03 

912 

9 29 

-0 21 

-017 

62 

Elkin 

188419 

198 89 

199 37 

11 96 

12 04 

-0 48 

-0 08 

— 

Eussell 

1884 43 

199 39 

199 65 

12 32 

12 38 

-0 16 

-0 06 

— 

Eussell 

1884 53 

199 69 

199 66 

12 93 

12 53 

+0 04 

+0 40 

6 

Tebbutt 

1885 56 

200 7 

200 82 

14 06 

13 84 

-0 12 

+0 21 

4-3 

Tebbutt 

1886 27 

202 4 

201 60 

14 89 

14 73 

+0 80 

+0 16 

6 

Pollock 

1886 38 

200 3 

201 70 

14 74 

14 78 

-140 

-0 04 

1 

Eussell 

1886 64 

201 46 

. 201 86 

15 06 

16 01 

-0 39 

+0 05 

16 

Eussell 1 , Pollock 4 , Pollock 10 

1886 69 

20146 

202 91 

16 17 

16 07 

-146 

+010 

7 

Eussell 3 , Tebbutt 4 

1887 41 

2021 

202 64 

:16 96 

15 96 

-0 54 

-0 01 

9-10 

Tebbutt 3-5, Pollock 6-6 

1887 69 

202.30 

• 202 87 

16 09 

16 24 

-0 67 

-014 

9-8 

Tebbutt 3-2 , Tebbutt 2 , Pollock 4 

Tebbutt 

1888 30 

203 32 

! 203 34 

:16 87 

16 87 

-0 02 

±0 00 

3 
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a CENTAmil 


t 


Oc 

Po 

Pc 


Po—Pc 

n 

Obseiveis 

1888 63 

202°85 

203°62 

u 

1712 

tt 

17 14 

-0°77 

-o' 02 

1 

Tebbutt 

1889 45 

204 43 

204 22 

17 91 

17 81 

+ 0 21 

+0 10 

3 

Pollock 

1890 49 

204 93 

204 89 

18 77 

18 64 

+0 04 

+013 

9-7 

Tebbutt 2 , Sellois 4-3 , Sellois 3-2 

1890 T4 

204 53 

206 06 

18 69 

18 85 

-042 

-0 16 

1-3 

Tebbutt 

1891 55 

206 01 

205 62 

19 26 

19 28 

+0 49 

-0 03 

14 

Sel 5-4, T 4-2, Sel 2 , T 3-6 

1892 30 

206 45 

205 97 

19 52 

19 73 

+0 48 

-018 

2 

Grill and Finlay 

1892 43 

206 47 

206 04 

19 74 

19 83 

-0 67 

-0 09 

12-8 

Sellers 5-4, Tebbutt 7-4 

1892 67 

205 87 

206 18 

19 84 

19 93 

-0 31 

-0 09 

9-6 

Tebbutt 8-5 , Pickeiing 1 

1893 25 

206 70 

206 50 

20 06 

20 21 

+0 20 

-016 

11-10 

Douglass 1 , Pickeiing 2-1 , Sellois 8 

1893 47 

206 66 

206 59 

20 36 

20 30 

+0 07 

+0 06 

18-14 

Tebbutt 6-4 , Sellois 8 , Tebbutt 4-2 

1894 62 

207 6 

207 21 

20 65 

20 81 

+0 39 

-016 

25-17 

Sellois 6 , Tebbutt 19-11 

1896 55 

207 8 

207 67| 

20 97 

21 09 

+013 

-012 

16-10 

Tebbutt 


In dealing with this orbit it seems piobable that the graphical method 
will be superior to any piocess involving a least-squaie adjustment, because 
of the undoubted existence of sensible systematic errors in the ohsei vations. 
An adjustment based on both angles and distances will eventually be desii able, 
but before this defimtive determination can be made with advantage, it will 
be necessary to have an additional revolution. In the piesent state of the 
observations it is wholly useless to apply corrections of a very minute char- 
acter Basing the work upon all the best obsei vations we find the following 
elements of aCentauti: 



P = 81 1 yeais 

9> = 

26® 15 


T = 1875 70 " 

^ == 

79° 30 


e = 0 528 

X = 

52° 00 


a = 17" 70 

n — 

+4°438954 

Apparent mbit 

Length of major axis 


= 32" 18 


Length of minor axis 


= 6" 16 


Angle of major axis 


= 27° 26 


Angle of peiiastion 


= 38° 66 


Distance of stai fiom centre = 5" 90 


If we adopt the parallax of Gill and Elkin (0" 75), we find that the majoi 
semi-axis of the orbit is 23 6 astronomical units It follows that the combined 
mass of the components is 2 00 times the mass of the sun and earth 

Thus we see that the compamon of a Centauri moves in an orbit with a 
major axis which is about a mean between those of Uranus and N^tune But 
owing to the eccentricity of the orbit the distance at periastron (11 2) only 
slightly sni passes that of Saturn from the sun, while at apastron it extends 
considerably beyond Neptune (36.0) 

According to prehminary researches of Stoistb in 1876, it was found that 
the masses of the two components are sensibly equal. Me A. "W Eobbets has 
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recently made a very careful determination of this mass-i atio, and finds (.4 , 

3313) that the masses of a® and (the companion) are as 51 49 ± of the 
amount A very similar result was obtained by De. Elktct in his Inaugural 
Dissertation, and hence we may conclude that in this case the relative masses 
arc known with almost the desired precision 

Me. Robbets has also made a careful discussion of the parallax of a Gen- 
taurx from the meridian observations of 1879-81 and obtained (A 3324) re- 
sults which confirm the work of Gill and Elkut with the heliometer Using 
both right ascensions and declinations Me Robeets finds 

^ = +0"T1 ±0"05 

Our knowledge of this system is therefore far more accurate than that of 
any other system in the heavens, and it does not seem possible that the 
'results here obtained will ever be sensibly altered. But as some refinement is 
still possible this gloiious object will always merit the attention of observers. 


02285. 

a = t ^ +42° 48' 

6, yellowish , 7 6, whitish 

Discovered hy Otto Struve %n 1845 
Observations 


t 

6o 

po 

n 

Observers 

t 

9o 

Po 

n 

Observers 

1846 80 

72 2 

061 

3 

0 Stiuve 

1887 60 

202°2 

024 

4 

Schiapaielli 

1847 96 

72 2 

0 42 

3 

Madlex 

1888 61 

187 6 

0 22 

3 

Schiaparelli 

1852 71 

68 4 

0 49 

6 

Madler 

1889 52 

193 2 

0 22 

1 

Schiaparelli 

1855 84 

63 9 

0 51 

3 

0 Stiuve 

1891 30 

168 7 

0 24 

3 

Burnham 

1857 50 

65 5 

0 40 

1 

Secclii 

1891 49 

159 2 

0 20 

1 

Schiaparelli 

1865 53 

36 0 


1-0 

Dembowski 

1892 30 

162 2 

0 24 

3-2 

Burnham 

1876 40 

350 0 

03± 


Burnliain. 

1893 46 

156 0 

0 24 

1 

Burnham 

1 

1893 61 

168 8 


1-0 

Bigourdan 

1881 60 

— 

doubtful 

1 

Burnham 

1894 47 

136 8 

— 

1-0 

Bigourdan 

1883 84 

268 3 

0 22 

6 

Englemann 

1896 32 

1473 

0 30 

3 

See 

1885 40 

225 0 

elong 

1 

Pexrotm 

1896 66 

143 2 

0 36 

1 

Schiaparelli 


150 Oi’285. 

This close double star was measured by Otto Struve several times 
during the few years following its discoveiy* The other early measures were 
by MIaulbe and Sboohe, while in later years the pair has been measured only 
by EisTGLEMAisrN-, Schiaparelli, BuEtmAM: and the writer. Thus, only a small 
number of observations are available for the determination of an orbit, but it 
happens that these are distributed so as to give a fairly good set of elements. 

The star has always been a difficult object, and hence the measures are 
necessarily less accurate than in case of easier pairs Burnham was the first 
to attempt an investigation of the oibit {^Bxdereal Messenger, June, 1891) His 
apparent elhpse and the resulting elements are not very difieient from those 
found in this paper. Me. Gore has since attempted an oibit by a very diffei- 
ent process, and obtained results of a wholly different character {Monthly 
MoUces, April, 1893). These two sets of elements are . 


Gobb Buenham 

P = 118 67 years 62 1 

T = 1881 93 1886 3 

6 = 068 0 429 

a = 0"46 0''387 

Q, = 107“ 0 64° 3 

4 = 46°7 44° 3 

\ = 161° 4 180° 0 


Using aU the measures, and basing the woik on both angles and distances, 
I find the folio wmg elements of 02’ 285 : 

P = 76 67 years SI = 62° 2 

T = 1882 63 ^ = 41° 95 

e = 0 470 X = 162° 23 

a = 0" 3976 ?i=-4°6963 

Apparent orbit: 

Length, of major axis = 0^' 788 

Length of minor axis = 0''" 522 

Angle of major axis = 67° 1 

Angle of periastron = 255° 3 

Distance of star from center = O'' 182 

The following table of computed and observed places shows that the 
measures are represented as well as could be expected in the case of an object 
of this difficulty. 


* Astronomical Journal, 866 
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COMPASISOK OF COMPUa’ED WITH ObSEEVEH PlAOES 


t 

Bo 

Be 

Po 

pc 

Bo — Be 

Ro — pc 

71 

Obscrvcis 

1845 80 

72°2 

73°2 , 

n 

0 61 

// 

0 67 

o 

- 10 

+004 

3 

0 Stiuve 

184T 96 

72 2 

70 0 

0 42 

0 67 

-f 22 

-015 

3 

Madler 

1852 71 

68 4 

62 9 

0 49 

0 56 

- 46 

-0 07 

6 

Madler 

1855 84 

53 9 

68 0 

0 51 

0 54 

- 41 

-0 03 

3 

0 Striivo 

1857 60 

65 6 

661 

0 40 

0 52 

+ 10 4 

-0 12 

1 

Secclii 

1866 63 

36 0 

38 4 



0 42 

- 24 

— 

1 

Deinbowski 

1876 40 

360 0 

357 4 

03± 

0 24 

- 74 

+0 06 

1 

Bm Ilham 

1881 60 


267 6 

doubtful 

0 20 



— 


Bill Ilham 

1888 84 

268 3 

2410 

0 22 

0 21 

+ 17 3 

+0 01 

6 

Engleiiiaini 

1887 60 

202 2 

203 6 

0 24 

0 22 

- 14 

+ 0 02 

4 

Scihiapaielli 

189130 

168 7 

1701 

0 24 

0 24 

— 14 

±0 00 

3 

Biiinliam 

1892 30 

162 2 

162 0 

0 24 

0 25 

+ 02 

-0 01 

3-2 

Burnham 

1893 46 

166 0 

153 2 

0 24 

0 26 

+ 28 

-0 02 

1 

Burnham 

1895 32 

147 3 

142 0 

0 30 

0 28 

+ 63 

+ 0 02 

3 

See 


m 

The only large residual is that of Ehglemann, whose small telescope 
would necessarily render his ohservations subject to considerable uncertainty. 
Indeed, he gives the angle as 78° 3, but I have assumed that he really saw the 
companion, and have therefore changed the angle by 180°. The estimate of 
36° for the position-angle in 1865.53 is very faearly correct, and leaves no 
doubt that the elongation observed by Dbmbowski was real. 

When I measured the object recently with j;he 26-inch refractor of the 
Leander McCormick Observatory in Yirginia, the stars were not separated, 
except on one night, and hence the difficulty of the pair will doubtless account 
for the error in angle. The star is slowly separating, and ought to be obseived 
annually The following is an ephemeris for the next five years 


t 

Be 

Po 

t 

$0 

pc 

If 

1896 40 

135 6 

630 

1899 40 

122 3 

0 36 

1897 40 

130 7 

0 32 

1900 40 

118 4 

0 36 

1898 40 

126 6 

0 33 





The comparatively long period of this close star may probably be con- 
strued to mean that the system is very remote from the Earth, otherwise the 
mass would be excessively small. The eccentricity of the orbit is fairly well 
defined, and is near the mean value of this element among double stars. 


/ 
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^ BOOTIS = 2’1888 


fB00TIS = 21888. 

a = W* 46“ 8,8 = +190 31' 

4 6, yellow , 0 5, piui)le 

JDiscoveied hy Sir William Jleivhd, Ajnil 10, 1780 
Observations 


t 

Bo 

Po 

n 

Observers 

t 

60 

Po 

n 

Obsoiveis 

1780 69 

24°1 

323 

1 

Herscliel 

1841 06 

325°1 

// 

7 03 

5 

0 Stiuve 

1791 39 

nf 


1 

Herscliel 

1841 42 

323 4 

7 27 

3 

Bawes 





1841 43 

324 7 

710 

4 

Mtldloi 

1792 30 

365 7 

— 

1 

Heischel 

1841 66 

3221 

6 72 

- 

Kaisei 

1795 32 

354 9 

— 

1 

Heischel 

1842 30 

322 7 

7 03 

2 

Bawes 

1802 26 

362 9 

— 

1 

Herschel 

1842 40 

323 4 

6 88 

3-1 

Madlei 

1804 26 

363 9 

6 ± 

1 

Herschel 

1843 33 

322 7 

6 70 

1 

Bawes 





1848 36 

322 4 

6 81 

7-5 

Madloi 

1821 20 

342 4 

925 

1 

H and So 

1843 68 

323 8 

6 91 

7 

Schliltei 

1822 69 

335 8 

7 54 

— 

Struve 

1843 68 

322 2 

6 64 

- 

Kaiser 

1823 30 



6 67 

__ 

Amici 

1844 36 

321 6 

6 90 

3 

Madler 

1823 34 

340 2 

8 42 

1 

H and So 

1845 36 

320 9 

6 81 

8-6 

Madler 

1826 37 

337 0 

7 78 

4 

South 

1845 37 

322 3 

612 

- 

Hind 






1846 40 

318 6 

6 76 

28 

Moiton 

1828 54 

336 0 

718 

2 

Heischel 

1846 29 

320 4 

6 69 

5 

Mtidlei 

1829 46 

334 2 

7 22 

4 

Stiuve 

1846 46 

319 2 

6 75 

20 

Moi ton 

1830 29 

333 7 

7 62 

6-^ 

Herschel 

1847 37 

319 4 

6 68 

(> 

Madlei 

1831 40 

3312 

7 30 

5 

Bessel 

1847 44 

318 8 

6 80 

2 

Bawes 

1832 40 




1847 63 

317 7 

6 48 

_ 

Mitchell 

3311 

714 

2 

Stiuve 

1847 82 

319 4 

6 63 

3 

0 Stiuve 

1833 23 

330 7 

7 54 

2 

Herschel 

1848 28 

318 0 

6 63 

6-4 

Madlei 

1834 44 

330 4 

7 64 

3 

Bavres 

1848 50 

317 9 

6 71 

2 

Bawes 

1836 43 

329 0 

7 07 

5 

Struve 

1850 77 

316 6 

6 66 

1 

Madlei 

1836 45 

330 4 

7 63 

3-2 

Madler 

1861 11 

317 4 

6 56 

6 

Eletchei 

1836 37 





1861 49 

3161 

6 21 

6 

Madlei 

3291 

7 62 

1 

Madlei 





1836 49 

328 2 

7 09 

4 

Struve 

1862 30 

316 6 

6 61 

32 

Millei 

1837 31 

327 0 




1852 56 

315 3 

6 22 

16-13 

Madler 

6 79 

— 

Encke 









1863 44 

314 4 

6 31 

8-7 

Madler 

1838 22 

326 7 

6 97 

- 

Madler 

1863 54 

313 4 

6 23 

3 

0 Struve 

1838 47 

3271 

6 85 

2 

Struve 

1864 46 





1838 64 

326 6 

7 26 


Galle 

312 0 

6 26 

3 

Bawes 





1864 48 

312 4 

6 07 

6-4 

Madler 

1839 41 

326 8 

7 07 

- 

Galle 

1854 76 

3117 

6 99 

8 

Bembowski 

1840 26 

3261 

6 70 

34r-25ot)s Kaiser 

1866 38 

3117 

6 07 

2 

JVftbdler 

1840 43 

3241 

716 

3 

Bawes 

1866 42 

310 5 

6 00 

3 

Secchi 



i H(><>TIK= 2 I8H8. 


t 

ft. 

Po 

n 

< )l worvfsr« 

iK.'r. .'to 

.•il2 1 

5 SO 

1 3 


l.'i 

.■(10 8 

.5 9.5 

8 

UomlKiwKki 

I.'t 

.■111.9 

(. 70 

2 

laithiu* 

1 S.">( > t‘> 

.■111.7 

0 00 

3 

\Vnui«<*ko 

I.s,*il. Sh 

.■110 0 

0.02 

12 


isr.7 in 

.•(1 1 2 

5 70 

5 

MfUllor 


810 0 

5.90 

1 

Dawt^K 

IH57.50 

308.9 

5.SM) 

2 

IhMiiboWhki 

1858.86 

808.2 

5 70 

5 

Ikiiiibowrtki 

1858.88 

307 8 

5.93 

12 

Morion 

1858.54 

309.9 

5.05 

7 

MiUllor 

1859.8J) 

309.4 

5 57 

3 

MiUlbn* 

1.S(51 ‘iU 

305 0 

5 52 

35 

Powoll 

l.S(n 50 

;107 1 

5.79 

11) 9 

Mnaior 

! 81'. 1.57 

;!o5.o 

5.78 

5 

O Siruvt* 

1802.15 

.'(O.'l 1 

5 9;( 

(> 

An Wins 

1802,.'t:! 

.'10, “ 0 

.5.1.8 

1 

Main 

!.Hli2 17 

301 1 

.5 .59 

1 

C) Struvn 

1.H02 .M 

302 9 



Aiiwci'h 

1.S02 .51 

.'102.2 



Winmn'ko 

1 802.05 

300.1 

5.27 

2 

Miidlor 

1808 15 

303.0 

6.59 

14 

l>dmbowski 

1863.88 

302.4 

8.79 

- 

Layton Obs. 

1888.56 

$02.0 

5.67 

5 

0. Struve 

1864.40 

303.4 

5.32 

1 

Engkinann 

1801 87 

;ioi.o 

5 41 

10 

DtmibowHki 

l.S05.;S,‘i 

301 0 

5.01 

3 

KngliMuann 

IHO.5.77 

300 8 

5.11 

1 

Sots* la 

1866.39 

298.5 

5 59 

2 4 

Ijoyton ObH. 

1866.44 

299.6 

5.20 

- 

Kamor 

1866.43 

260.8 

5.24 

2-1 

Engloiiiaim 

1800.50 

298.0 

6.81 

3-2 

Searle 

1800.50 

299.2 

6.27 

3-2 

Winlock 

1.S00.80 

299.0 

5.30 

11 

Dembowski 

I.SIM.'IO 

298.1 

5.01 

1 

Winlock 

1.S07 12 

290.7 

5 43 

2 

Scarlo 

1808.10 

291 7 

5.3;j 

1 

Main 

1809.09 

295 4 

5.09 

1 

(). Struve 

1869.47 

295 0 

5.07 

5 

Durnk 

1869.66 

212.4 

5.35 

3 

Mam 

1869.61 

298.8 

5.42 

1 

Leyton OIih. 





(?. 

A. 

H 


1870 38 

29;t’.0 

5*41 


Mam 

1870 10 

29.5 8 

4 00 


Ley inn ()l»s 

1870 50 

291 4 

4.95 

1 

Dunnr 

1871 35 

292.8 

1 93 

2 

Main 

1871 19 

29 : 1.5 

4.73 

4 

Diinin* 

1871 82 

290 9 

4 75 

9 

DenilinwKki 

1873 19 

280.7 

4.02 

4 

0, Struve 

1873.;i9 

280.0 

4 93 

1 

Main 

1873 43 

287.0 

4.84 

1 

LintlHifsli 

1873. 18 

280.6 

471 

1 

Leyton Olm. 

1873.91 

287.8 

4.02 

8 

DenibnwHki 

1874.22 

289 2 

5.0 

— 

Qledlnll 

1874.30 

283.9 

4.92 

4 

Mam 

1874 13 

287.3 

4.71 

2-1 

Leyton Olm. 

1871 41 

2.88.4 

4.72 

5 

W. iKt S. 

1.ST.5 3I 

280.5 

1 70 

4 

Main 

1875.18 

2.8.‘( 9 

1 13 

I 

0 Stinvo 

187.5 30 

2.85 1 

1.00 


(ileaintl 

187.5 38 

280 .’t 


- 

Nobile 

1875 10 

‘281.3 

4.41 

5 

Sehiaparelli 

1875.51 

286.6 

4.46 

4 

Duller 

1876.90 

284.7 

4.43 

8 

Dembowaki 

1876.34 

284.8 

4.31 

6 

Doberok 

1876.43 

283.4 

4.64 

S 

Hall 

1876.68 

282.0 

4.19 

1 

0. Struve 

1877.24 

282.9 

4.70 

3 

J>obnrok 

1877.45 

283.0 

1.35 

5 

Jedrzojewies? 

1877.45 

280.7 

4, 2:1 

5 

Behiaptu’clli 

1877.51 

279.4 

4.21 

1 

0. Struve 

1877.93 

280.9 

4.26 

8 

Deiubowrtki 

1878.40 

,281.3 

4.02 

4 

(Joltliiey 

1878 42 

277.4 

4.32 

2 

Hall 

1878.45 

281 2 

4.13 

3 

Doberek 

1878.52 

278.8 

4.01 

5 

Schiaparelli 

1878.54 

279.4 

4,13 

1 

0. Struve 

1879.51 

277'.6 

4.10 

6 

Rohiaparelli 

1879.52 

275.7 

4,18 

6 

Hall 

1880.10 

278,8 

4.28 

6 

Franz 

1880.48 

276.0 

4.19 

3 

Jedrzejewicz 

1880.51 

276.3 

3.97 

8 

Schiaparelli 

1881 40 

269.2 

4.04 

3 

Hall 

1881.60 

273.2 

3.87 

3 

Schiaparelli 

1881.60 

273.8 

4.03 

3 

Seabroke 
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t 

Oo 

Po 

n 

Obseiveis 

t 

Oo 

Po 

n 

Observers 

1882 33 

267°6 

n 

4 73 

1 

Grlasenapp 

1887 43 

25b 0 

3 5i 

3 

Hall 

1882 42 

270 4 

3 99 

3 

Hall 

1887 50 

257 0 

3 31 

12 

Schiapaielli 

1882 50 

2714 

3 86 

7 

Schiapaielli 

1888 25 

260 2 

3 61 

1 

Glaseiiapp 

1883 43 

2671 

3 90 

3 

HaU 

1888 42 

2519 

3 40 

3 

Hall 

1883 47 

2681 

372 

9 

Schiapaielli 

1888 54 

265 0 

315 

2 

0 Stiiivo 

1883 60 

269 4 

3 72 

3 

Jedizejewicz 

1888 62 

253 9 

3 61 

2 

Maw 

1883 52 

267 6 

414 

3 

Seabioke 

1889 31 

250 5 

3 83 

2 

Glaacnapp 

1883 67 

2681 

3 79 

4 

Peirotin 

1889 48 

249 1 

3 40 

3 

Hall 

1884 42 

262 8 

4 30 

2 

Glaseiiapp 

1889 61 

249 9 

3 31 

3 

Miiw 

1884 45 

266 6 

3 66 

6 

Euglemann 

1890 41 

246 2 

315 

3 

Maw 

1884 45 

2661 

3 71 

2 

Peiiotin 

1890 43 

246 3 

3 21 

3 

Hall 

1884 49 

266 3 

3 58 

9 

Schiapaielli 

1890 53 

244 4 

3 47 

2 

Hayii 

1884 50 

266 2 

3 56 

1 

0 Struve 

1891 44 

2410 

3 26 

5-4 

See 

1886 37 

264 3 

344 

3 

Tairant 

1891 45 

242 4 

318 

3 

Hall 

1885 37 

2614 

3 68 

3 

Hall 

1891 48 

243 4 

318 

4 

Maw 

1886 44 

262 9 

3 51 

4 

Perrotm 

1892 32 

240 0 

3 08 

3 

Lea veil worth 

1886 44 

2621 

3 55 

5 

deBall 

1892 41 

239 4 

311 

3 

Maw 

1885 48 

2631 

3 61 

12 

Schiaparelli 

1892 49 

238 3 

2 91 

3 

Comstock 

1885 65 

2631 

3 61 

7 

Englemaun 


235 8 




1886 64 

263 6 

3 63 

4 

Jedizejewicz 

1893 47 

2 96 

3 

Maw 

1886 40 

269 6 

3 56 

3 

Peiiotin 

1894 63 

2312 

2 90 

3 

Maw 

1886 43 

259 3 

3 69 

3 

Hall 

1896 49 

226 4 

2 88 

3 

Comstock 

1886 51 

260 2 

349 

7 

Schiapaielli 

1896 70 

223 8 

2 57 

4 

See 

1886 60 

2694 

3 32 

6 

Englemanu 

1895 73 

224 4 

2 65 

2 

Moulton 


The stars of this system are somewhat unequal in magnitude, and are 
moreover distinguished by very strikmg colors The principal star is yellow, 
while the companion is reddish purple; and hence the appearance of the sys- 
tem, so far as it depends on contrast in color and inequality of the components, 
IS very similar to those of 70 Ophmchx and tj Cassiopeae.* The early obseiva- 
tions of Heesohbl established the physical connection of the stars, and since 
the time of Steutb the measures are both sufficiently numerous and sufficiently 
exact to give the position of the compamon with the desired precision In 
spite of the fact that since 1780 an arc of only about 170° has been described, 
we are enabled by the favorable shape of this arc to make a very satisfactory 
determination of the elements The companion is now approachmg penastron, 
and m the course of a few years the motion will become very rapid. For the 
next fifteen yeais this system will deserve special attention from ohseivers, as 
the part of the apparent elhpse swept over by the companion during this interval 


* AstronoTmaoTiQ Nachnchten, 8S34 
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Will be the most critical, and measures secured near periastron will enable us 
to render the orbit exact to a very high degree. 

The following table gives the elements of this interesting system published 
by previous computers* 


p 

T 

e 

a 

9, 


1 

Authority 

Source 

yrs 

117 14 
160 696 
168 91 
140 64 
127 97 
127 33 

1779 958 
1761 71 
1779 76 
1767 76 
1770 44 
1770 69 

0 59374 
0 464 

0 7822 

0 641 

0 6781 

0 7081 

1233 

5 691 

9 95 

5 425 
4 813 
4 86 

0 

00 
172 7 
114 
116 
12 02 
26 37 

80°1 
62 7 
71 6 
48 4 
37 9 
36 9 

1010 
316 2 

96 4 
124 16 
130 9 
117 77 

Hex schel, 1833 
Madler 

Hind, 1872 

Wmagradsky’'72 

Doberck, 1876 
Doberck, 1877 

Mem HAS vol VI 
Hand D S p 304[p 149 
MN, vol XXXII, p 260 
Gore’s Catalogue 

AN 2118 

A N 2129 


From an investigation of all the observations we are led to the following 


elements of ^ Bootis : 


Apparent orbit : 


P = 128 0 years 
T = 1903 90 
6 = 0721 
a = 5" 5578 


Q. 

% 

X 

n 


10 “ 6 
52° 28 
239° 25 
-2° 8125 


Length of majoi axis = 9"»07 

Length, of minor axis = 6" 76 

Angle of ma3or axis =»» 167° 7 

Angle of periastron =; 144° 7 

Distance of star from oentre = 2'^94 


Comparison of Computed with Observed Places 


t 

Bo 

Be 

Po 

Pa 

Bo- 

-Be 

Po—Pc 

n 

Observers 

1780 69 

24°! 

35% 

If 

3 23 

ff 

218 

O 

-112 

+106 

1 

Herschel 

1792 30 

355 7 

22 

— 

6 24 

— 

66 

— 

1 

Herschel 

1795 32 

354 9 

358 5 

— 

6 71 

— 

36 

— 

1 

Herschel 

1802 26 

362 9 

3619 

— 

6 48 

+ 

10 



1 

Herschel 

1804 25 

363 9 

3601 

6± 

6 66 

+ 

38 

-0 66 

1 

Herschel 

1821 20 

342 4 

337 8 

9.25 

7 33 

+ 

46 

+192 

1 

Herschel and South 

1822 69 

336 8 

336 8 

7 64 

7 34 

— 

10 

+0 20 

— 

Struve 

1823 32 

340 2 

336 4 

7 65 

7 36 

+ 

38 

+0 20 

1 2± 

Herschel and So 1 , Amici 0 2 ± 

1826 37 

337 0 

3361 

7 78 

7 35 


19 

+0 43 

4 

South 

1828 64 

336 0 

332 9 

718 

7 33 

+ 

31 

-0 15 

2 

Herschel 

1829 46 

334 2 

332 2 

7 22 

7 31 


20 

-0 09 

4 

Struve 

1830 29 

333 7 

3316 

7 62 

7 30 

+ 

21 

+0 32 

6-4 

Herschel 

1831 40 

3312 

330 9 

7 30 

7 29 

+ 

03 

+0 01 

5 

Bessel 

1832 40 

3311 

330 2 

714 

7 27 

+ 

09 

-013 

2 

Struve 

1833 23 

330 7 

329 7 

7 54 

7 25 

+ 

10 

+0 29 

2 

Herschel 

1834 44 

330 4 

328 8 

7 64 

7 22 

+ 

16 

+0 32 

3 

Dawes 

1836 43 

329 0 

328 0 

7 07 

719 

+ 

10 

-012 

6 

Struve 

1836 49 

328 2 

327 2 

7 09 

716 

+ 

10 

-0 07 

4 

Struve 

1837 31 

327 0 

326 6 

6 79 

7 13 

+ 

04 

-0 34 

— 

Encke 

1838 41 

326 8 

326 8 

7 03 

7 09* 

+ 

10 

-0 06 

2 + 

Madler — ; 2* 2 , G-alle — 

1839.41 

326 8 

326 2 

7 07 

7 06 

+ 

06 

+0 01 

— 

Galle 

1840 34 

3241 

324 4 

6 93 

7 02 

— 

03 

-0 09 

3-6 ± 

Kaiser 34-25 obs , Dawes 3 # 
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t 

$0 

Oo 

Po 

1841 39 

S 231 

323°6 

n 

7 03 

1842 35 

323 0 

322 8 

6 96 

1843 48 

322 8 

322 0 

6 77 

1844 36 

3216 

3213 

6 90 

1845 38 

320 6 

320 4 

6 56 

1846 37 

319 8 

319 6 

6 72 

1847 56 

318 8 

318 6 

6 62 

1848 39 

318 0 

317 9 

6 67 

1850 77 

316 5 

316 9 

6 66 

1861 30 

316 7 

3154 

6 44 

1852 43 

316 0 

3144 

6 37 

1853 49 

313 9 

313 4 

6 27 

1854 66 

312 0 

312 3 

611 

1855 40 

3111 

3116 

6 03 

1866 66 

3113 

310 4 

6 12 

1857 46 

310 0 

309 6 

6 85 

1868 43 

308 6 

308 6 

6 78 

1859 39 

309 4 

307 6 

5 67 

1861 46 

305 7 

305 2 

5 70 

1862 40 

304 9 

3041 

6 62 

1863 33 

302 6 

303 0 

6 68 

1864 67 

302 6 

3014 

5 38 

1865 56 

3012 

300 3 

6 61 

1866 62 

299 0 

2991 

6 67 

1867 36 

297 5 

297 9 

5 54 

1868 40 

294 7 

296 5 

6 33 

1869 43 

295 5 

296 0 

6 23 

1870 47 

294 4 

293 5 

5 01 

1871 66 

292 4 

2919 

4 80 

1873 48 

286 4 

288 7 

4 74 

1874 36 

286 5 

2871 

4 84 

1875 45 

286 4 

2851 

4 61 

1876 46 

283 4 

283 3 

4 38 

1877 62 

2814 

2812 

4 39 

1878 46 

279 6 

279 4 

4 24 

1879 62 

276 7 

2771 

414 

1880 38 

277 0 

275 3 

415 

1881 50 

2719 

272 8 

3 98 

1882 46 

270 9 

270 4 

3 93 

1883 60 

2681 

2681 

3 85 

1884 47 

266 3 

266 2 

3 66 

1885 47 

262 9 

262 6 

3 58 

1886 48 

259 6 

259 6 

3 49 

1887 47 

256 6 

266 6 

3 43 

1888 46 

263 0 

263 6 

3 39 

1889 45 

249 8 

250 4 

3 35 

1890 46 

245 6 

247 0 

3 28 

1891 46 

242 3 

243 3 

3 21 

1892 41 

239 2 

239 5 

3 03 

1893 47 

235 8 

236 6 

2 96 

1894 64 

2312 

230 8 

2 90 

1895 69 

2261 

225 7 

2 72 


Pc 

Oo Be 

po Pc 

n 

n 

6 97 

o 

- 05 

+0 06 

7-12 + 

6 93 

+ 02 

+0 02 

63 

6 88 

+ 08 

-Oil 

15-13 + 

6 83 

+ 03 

+0 07 

3 

6 78 

+ 02 

—0 22 

_ 

6 73 

+ 02 

-0 01 

8 + 

6 67 

+ 02 

-0 06 

11 + 

6 62 

+ 01 

+0 06 

7-6 

6 48 

+ 06 

+0 08 

1 

6 44 

+ 13 

0 00 

10 

6 37 

+ 16 

0 00 

18-16 + 

6 31 

+ 05 

-0 04 

11-10 

6 23 

- 03 

-012 

16-16 

618 

- 05 

-016 

6 

6 09 

+ 09 

+0 03 

29-28 

6 03 

+ 06 

-018 

8 

6 96 

+ 01 

-018 

24 

6 90 

+ 19 

-0 33 

3 

5 74 

+ 06 

-0 04 

18-17 + 

6 66 

+ 08 

-0 04 

13 

5 69 

- 05 

+0 09 

19 + 

6 47 

+ 11 

-0 09 

17 

5 41 

+ 09 

+010 

7 

5 33 

- 01 

+0 24 

21 - 20 + 

5 25 

- 04 

+0 29 

3 

617 

- 18 

+016 

1 

5 08 

+ 06 

+016 

13 

4 98 

+ 09 

+0 03 

3 + 

4 89 

+ 06 

-0 09 

16 

4 71 

- 23 

+0 03 

16 

4 63 

- 06 

+0 21 

11 - 10 + 

4 53 

+ 03 

-0 02 

22 + 

4 45 

+ 01 

-0 07 

9 

4 34 

+ 02 

+0 06 

22 

4 26 

+ 02 

-0 02 

16 

416 

- 04 

-0 02 

11 

4 09 

+ 17 

+0 06 

11 

4 00 

- 09 

-0 02 

9 

3 90 

+ 06 

+0 03 

10 

3 82 

00 

+0 03 

22 

3 72 

+ 11 

-0 09 

18 

3 64 

+ 03 

-0 06 

38 

3 67 

+ 01 

-0 08 

19 

3 46 

- 01 

-0 03 

16 

3 37 

- 06 

+0 02 

8 

3 29 

- 06 

+0 06 

8-6 

3 21 

- 14 

+0 07 

8 

313 

- 10 

+0 08 

12-11 

3 04 

- 03 

-0 01 

9 

2 96 

+ 02 

0 00 

3 

2 86 

+ 04 

+0 04 

3 

2 75 

- 06 

-0 03 

7 


Observeis 


OJT 0-5 , Da 3 , Ma 4 , Ka - 
Dawes 2 , Madlei 3-1 
Ma 7-5, Da 1, Sclil 7, Ka - 
Madlei 

Ma — j Hi — 5 Mo 28 obs 
Madlei 5 , Morton 20 obs 
Ma 6 , Da 2 , Mit — , OJS 3 
Madlei 5-4 , Dawes 2 
Madlei 

Fletchei 5, Madlei 5 

Millei 32 obs , Ma 15-13 

Madlei 8-7 , OJi 3 

Dawes 3 , Madlei 5-4 , Dem 8 

Madlei 2 , Secclii 3 

Ma 4-3 , Dem 8 , Winn 3 , Ln 2 , 

Ma 5, Da 1 5 Dem 2 [Sec 12 

Dem 5 , Moiton 12 , Madlei 7 

Madlei 

Po 35 obs , Ma 10-9 , 02 5 
An 6, Mainl, 02 4, Ma 2 
Dem 14 , Leyton obs — , 02 5 
Englemann 1 , Dembowski 1C 
Englemann 3 , Secchi 4 
Ley 2-4, Ka - , En^-1, Sr 3-2, 
Wlk 1 , Sr 2 [Wlk 3-2, Dem 11 
Mam 

02 4 , Du 5 , Ma 3 , Ley 1 
Madler , Leyton — , Dnn^r 1 
Ma 2 , Du 4 , Dem 9 [Dem 8 
02 4 , Ma 1 , Ley 1 , Lm 1 , 
Gl-,Ma4,Ley2-l, W&S 5 
Ma 4, 0^ 1, G1 Ko - , Scdi 5, 
Dk 5, HI 3, 021 [Du 4 , Dem 8 
Dk 3, Jed 5, Sch 5, 02 Dem 8 
Go4, H12, Dk3, Scli5, 021 
SchiapaielliC, Hall 5 
Eianz5, Jed 3, Sell 3 
Hall 3, Sch 3, Sea 3 
Hall 3 , Schiapaielli 7 
HI 3, Sch 9, Jed 3, Sea 3, Pci 4 
En 6, Pei 2, Sch 9, 02 1 
Tar 3 , HI 3 , Per 4, Sell 12 , deBall 5 , 
Per 3, HI 3, Sch 7, En 6 [En 7 , Jod 4 
Hall 3 , Schiapaielli 12 
Glas 1, HI 3, 02 2, Maw2 
Glas 2-0, Hall 3, Maw 3 
Maw 3 , Hall 3 , Hayii 2 
See 5-4 , Hall 3 , Maw 4 
Lv 3, Maw 3, Com 3 
Maw 
Maw 

Comstock 3 , See 4 


The table of computed and observed places shows that the set of elements 
given above is extremely satisfactory, and we may confidently conclude that 
liie general nature of the orbit here obtained wiU never be materially changed. 
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V 


It is possible that the period may be varied by bo nine h hh oik }eai, and 
that the eccentricity is uncertain to the extent of about ±<ML, lin^ci altcia- 
tions in these quantities are not to he expected, aiiel tlu‘ vnliUH oi tlu otlui 

elements are correspondingly ■well determined 

The system of ^ Boohs is chiefly remarkable for the g^rc'Ul (‘cccntricily ol 
the oibit, and for the wide angular sepai'ation of the conipoiicntH 1 lu‘ great 
length of the major-axis and the comparatively short periodic tiuu! would Htip- 
port the belief that the system is not very far from the eartli, and DiIh view 
of relative proximity is rendered the more probable by the brigldueHH ol tin* 
components. But while these considerations tend to render it probable that the 
parallax is sensible, such a view is not supported by the Kinall proper motion 
of the system in space, which is only 0" 161 per year. Wo might, therefore, 
infer that the system is perhaps very remote from the earth, and hence of 
enormous dimensions, or comparatively near us, with thc‘ proper motion mainly 
in the line of sight. In any case the parallax of thiH Hystem in parti<mlnrly 
worthy of investigation, and it might be determinc‘d thither by the ordinary 
process of direct measurement, or by the spectroscopie method (d. A'., 3314, or 
§5, Ch I ), which here seems likely to be entirely practicable. 

The following is an ephemeris for the companion for the next ten yeare : 


t 


N 

t 


P, 


0 

n 


O 

f 

1896 60 

2212 

2 66 

1902 60 

17S..3 

1.66 

1897 60 

216 2 

2 63 

1903 60 

154.7 

1.26 

1898 60 

2101 

2 40 

1904 60 

125.5 

1.03 

1899 60 

203 4 

2 26 

1906 60 

t)().l 

t.06 

1900 50 

195 7 

2 06 

1906 50 

(53.2 

l.3;5 

1901 50 

1861 

183 





r, CORONAE BOREALIS = El 

o = ISI* 19'" 1 , 8 = +30= 89' 

6 5, yellowish , 6, yellowisli 

Discovered hy Sir William Herschel, Se^ptenilmr 9 , 1781 , 


Observation's 



t 

Oo 

Po 

n 

Observers 

t 

6o 

P* 

n 

OtMerveni 


1781 69 

30°7 

— 

1 

Herschel 

1826 77 

36“3 

l'07 

4 

Struve 


1802 69 

179 7 

— 

1 

Heischel 

1829 56 

43 2 

0.96 

2 

Struve 


1823 27 

25 9 

158 

2-1 

H & So 

1830 30 

44.6 

- 

8 

Herschel 


/ 



158 


7 ) OOEONAB BOEEALIS = ^1937 


t 

$0 

Po 

n 

Observers 

1831 34 

60°8 

If 

2 

Dawes 

1831 47 

62 7 

102 

10-1 

He] schel 

1831 63 

60 6 

0 88 

3 

Stiuve 

1832 60 

571 

0 69 

9-2 

Heiscliel 

1832 55 

56 7 

— 

1 

Dawes 

1832 76 

56 9 

0 79 

3 

Stiuve 

1833 27 

619 

0 72 

8-2 

Herscliel 

1833 39 

63 5 

— 

3 

Dawes 

1834 84 

691 

0 70 

1 

Stiuve 

1835 41 

75 7 

0 74 

6 

Struve 

1836 49 

98 8 (Schatzung) 1 

M^dlei 

1836 52 

88 8 

0 56 

6 

Struve 

1839 69 

119 8 

05± 

2 

Dawes 

1839 82 

1321 

076 

2 

0 Stiuve 

1839 82 

126 9 

0 69 

3 

W Struve 

1840 52 

137 2 

0 61 

6 

0 Struve 

1840 62 

135 9 

0 50± 

2 

Dawes 

1841 42 

160 4 

0 48 

6 

Madlei 

1841 60 

149 7 

0 52 

6 

0 Stiuve 

1841 65 

149 4 

0 49 

6-1 

Dawes 

1842 26 

157 6 

0 55 

5 

Madlei 

1842 58 

166 6 

05± 

2 

Dawes 

1842 60 

1591 

0 57 

2 

0 Stiuve 

1843 37 

166 9 

0 67 

6 

Madlei 

1843 63 

1716 

0 60 

7 

Madlei 

1844 38 

174 0 

0 67 

3 

Madlei 

1845 46 

179 3 

0 58 

6 

0 Stiuve 

1846 50 

1861 

0 69 

19 

Madlei 

1845 64 

188 3 

0 60 

1 

W Stiuve 

1846 61 

195 7 

0 61 

3 

0 Struve 

1846 60 

194 0 

0 66 

14-13 

Madlei 

1847 07 

196 6 



3 

Hmd 

1847 24 

199 0 

0 69 

11 

Madlei 

1847 64 

204 0 

0 66 

6 

0 Stiuve 

1847 71 

204 6 

0 62 

6 

Madler 

1848 29 

206 7 

0 62 

3 

Madlor 

1848 34 

204 4 

0 65 

2 

Dawes 

1848 47 

207 4 

0 69 

1 

Dawes 

1848 62 

208 7 

08± 

2 

Bond 

1848 72 

209 8 

0 67 

2 

0 Struve 


t 

So 

Po 

n 

Observers 

1849 44 

218 B 

0*69 

2-1 

Dawes 

1849 65 

220 3 

0 60 

3 

0 Stiuve 

1850 50 

2212 

0 46 

1 

W Stiuve 

1850 62 

230 8 

0 49 

3 

0 Stiuve 

1850 56 

235 0 

07± 

2 

Eletchei 

1860 69 

228 8 

0 42 

3 

Madler 

1851 31 

236 8 

0 35 

3-2 

Madlei 

1861 42 

2381 

0 55 

2 

Dawes 

1851 66 

2418 

0 48 

10 

0 Stiuve 

1851 83 

234 8 

0 31 

7-5 

Madlei 

1862 62 

2501 

06± 

2 

Dawes 

1862 62 

261 2 

0 43 

6 

0 Stiuve 

1862 67 

2411 

0 30 

13-11 

Madlei 

1863 20 

257 9 

04± 

2 

Jacob 

1863 37 

267 8 

0 27 

6 

Madlei 

1853 56 

280 9 

0 32 

6 

0 Stiuve 

1863 64 

273 3 

0 44± 

4 

Dawes 

1863 79 

270 4 

03 

1 

Madler 

1864 04 

285 3 

05± 

3 

Jacob 

1854 42 

3015 

0 47 

3 

Dawes 

1864 66 

313 2 

0 33 

4 

0 Stiuve 

1854 74 

3171 

0 26 

4-3 

Madlei 

1855 39 

326 6 

0 32± 

2 

Secclii 

1855 60 

324 9 

0 45 

10-6 

Wimiecke 

1855 51 

322 5 

045± 

1-3 

Dawes 

1856 62 

330 2 

0 40 

4 

0 Stiuve 

1855 77 

330 2 

— 

2 

Madlei 

1866 36 

336 8 

0 51 

9-6 

Winneeke 

1856 37 

341 7 

0 45 

1-3 

Dawes 

1866 39 

327 7 

06± 

2 

Jacob 

1856 61 

3416 

0 55 

8-4 

Winneeke 

1866 59 

344 4 

0 47 

7 

Secclu 

1856 62 

342 6 

0 47 

3 

0 Stiuve 

1857 38 

347 2 

0 47 

2 

Madlei 

1867 46 

350 8 

0 60 

2 

Dawes 

1857 48 

351 0 

0 58 

7 

Secchi 

1857 62 

3518 

0 66 

4 

0 Stiuve 

1867 96 

355 8 

00± 

3 

Jacob 

1858 48 

356 6 

0 79 

1 

Winneeke 

1868 61 

369 2 

0 63 

3 

Secchi 

1868 52 

11 

cuneo 

10 

Dembowski 

1858 54 

369 6 

0 76 

6 

0 Stiuve 

1868 61 

62 

0 69 

6 

Madlei 



7 ) OOEONAB BOREALIS = A’1937 159 


t 

do 

Pc 

n 

OlDservers 

t 

00 

Po 

n 

Observers 

1859 39 

o 

60 

0 70 

4 

Madler 

1870 38 

43°6 

1 04 

8 

Dembowski 

1859 48 

45 

0 53 

4 

Secchi 

1870 38 

47 2 

0 98 

4-1 

Pence 

1859 61 

69 

0 79 

4 

0 Stiuve 

1870 44 

44 6 

11 

2 

Gledbill 

1859 62 

66 

0 72 

3 

Dawes 

1870 46 

441 

129 

- 

Leyton Obs 






1870 47 

46 8 

1 13 

1 

Knott 

1860 36 

84 

0 87 

2 

Dawes 

1870 51 

43 7 

0 98 

7 

Dun^r 






1870 64 

47 2 

0 97 

3 

0 Struve 

1861 68 

16 8 

0 90 

3 

0 Struve 






1861 68 

16 6 

0.94 

6 

Madler 

1871 41 

47 7 

— 

- 

Leyton Obs 






1871 46 

47 8 

109 

8 

Dembowski 

1862 64 

16 4 

127 

3-2 

Wmiiecke 

1871 53 

47 3 

0 88 

9 

Dun^r 

1862 66 

16 9 

0 71 

11 

Dembowski 

1871 54 

45 7 

100 

6 

Knott 

1862 68 

22 8 

0 99 

3 

Madler 

1871 66 

47 6 

142 

2 

Seabroke 

1862 76 

22 5 

0 91 

2 

0 Struve 

1871 67 

46 4 

0 96 

1 

Gledhill 

1863 43 

20 8 

0 81 

13 

Dembowski 

1872 29 

47 8 

129 

— 

Leyton Obs 

1863 64 

23 6 

1 10 

4 

0 Stiuve 

1872 43 

61 3 

103 

9 

Dembowski 

1863 66 

19 7 

1 07 

- 

Leyton Obs 

1872 48 

51 7 

0 92 

7 

Pen an 

1863 69 

23 3 

0 83 

2 

Secclii 

1872 49 

610 

1 01 

1 

W & S 






1872 58 

612 

0 84 

7 

Dun^x 

1864 44 

24 2 

0 74 

10 

Dembowski 

1872 59 

55 4 

0 91 

6 

0 Stiuve 

186446 

28 3 

109 

2 

Englemaiin 











1873 40 

571 

111 

3 

W & S 

1866 16 

301 

113 

6 

Englemaiin 

1873 44 

661 

104 

8 

Dembowski 

1866 36 

29 7 

114 

3 

0 Struve 

1873 47 

66 0 

— 

1 

Leyton Obs 

1866 41 

27 4 

103 

9 

Dembowski 

, 1873 63 

68 0 

— 

1 

Lindemann 

186644 

27 3 

107 

3 

Dawes 

1873 63 

69 0 

— 

3-0 

Moller 

1866.60 

26.3 

0 79 

2 

Seochi 

1878 63 

63 9 

— 

1-0 

Romberg 

1866 62 

301 

169 

1 

Leyton Obs 

1873 63 

67 4 

— 

1-0 

Schwarz 






1873 53 

60 3 



1-0 

Wagner 

1866 38 

32 3 

140 

2 

Leyton Obs 

1873 64 

641 

1 00 

6-3 

Gledhill 

1866 44 

301 

104 

9 

Dembowski 

1873 64 

631 


1-0 

Bninnow 

1866 54 

331 

112 

3 

Secclii 

1873 64 

67 4 

0 81 

4 

0 Struve 

1866 61 

314 

147 

4-3 

Harvard 

1873 72 

65 0 

1 08 

2 

Dun^r 

1866 66 

36 6 

1 13 

4 

0 Struve 











1874 39 

68 6 

0 99 

3 

Gledhill 

1867.34 

36 9 

107 

3 

Knott 

1874 42 

69 6 

0 98 

8 

Dembowski 

1867 40 

36 6 

1 19 

3-2 

Harvaid 

1874 43 

612 

0 62 

2-1 

Leyton Obs 

1867 47 

32 6 

124 

2 

0 Struve 

1874 46 

58 2 

0 93 

2-1 

W & S 

1867 60 

33 2 

1.04 

7 

Dembowski 

1874 61 

64 7 

0 83 

4 

0 Struve 

1867 62 

316 

— 

1 

Leyton Obs 

1875 37 

60 7 


1 

Leyton Obs 

1867 62 

30 8 

0 96 

1 

Winnecke 

1876 41 

66 7 

0 86 

8 

Dembowski 

1867 69 

29 2 

112 

1 

Dun^r 

1876 42 

661 

0 91 

4 

Schiaparelli 

1868 39 

36 0 

105 

7 

Dembowski 

1876 48 
1876 55 

62 6 
68 7 

0 74 

0 70 

1 

11 

0 Struve 
Dun^r 

1868 65 

41 3 

106 

5 

0. Stiuve 






1868 61 

36 0 

— 

2 

Zollner 

1876 38 

70 3 

0 79 

8-2 

Doberok 

1868 65 

37 0 

115 

4 

Dun^r 

1876 44 

70 6 

0 77 

4 

Hall 

1868 80 

35 8 

0 88 

1 

Peirce 

1876 46 

70 3 

0 83 

1 

Leyton Obs 






1876 46 

74 8 

0 84 

9 

Dembowski 

1869 63 

401 

103 

9 

Dun^r 

1876 61 

72.3 

0 79 

6 

Schiaparelli 

1869 61 

44 7 

— 

1 

Leyton Obs 

1876 61 

73 6 

0 66 

4 

0 Struve 
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7) CORONAE BOREALIS = 2:1937 


9o 


Observers 


1877 25 

77 7 

0 78 

1 

Copeland 

1877 30 

82 0 

0 69 

4-2 

Dobeick 

1877 36 

70 3 

— 

G 

W & S 

1877 42 

79 6 

0 76 

5 

Schiapaielli 

1877 48 

811 

0 78 

9 

Dembowski 

1877 63 

719 

10± 

1 

Plummer 

1877 66 

77 9 

0 68 

4 

0 Stiuve 

1878 41 

90 8 

0 62 

1 

Bxiinkam 

1878 45 

93 3 

0 62 

3 

Dobeick 

1878 50 

910 

0 60 

8 

Dembowski 

1878 53 

88 3 

0 76 

9 

Scliiapaielli 

1878 59 

87 6 

0 57 

4 

0 Stiuve 

1878 80 

844 

0 67 

1 

Piitcliett 

1879 62 

102 4 

0 62 

7 

Scliiapaielli 

1879 64 

98 7 

048 

4 

Hall 

1880 45 

1119 

% 

2 

Bigourdan 

1880 60 

116 7 

0 62 

3-2 

Doberck 

1880 53 

116 6 

0 50 

G 

Schiaparelli 

1880 69 

114 2 

obloag 

5 

Jedizejewicz 

1880 62 

114 3 

046 

5 

Buinham 

1880 70 

1149 

0 76 

2 

Copeland 

1881 26 

1213 

— 

2 

Dobeick 

1881 40 

124 9 

0 46 

4 

Hall 

1881 60 

126 9 

0 61± 

4 

Schiaparelli 

1881 64 

126 8 

0 48 

1 

0 Stiuve 

1882 30 

134 8 

0 65 

3-2 

Dobeick 

1882 45 

138 4 

0 51 

4 

Hall 

1882 50 

1364 

0 69 

8 

Schiapaielli 

1882 65 

1417 

0 50 

2 

0 Stiuve 

1882 61 

1532 

0 66 

6-4 

Englemann 

1883 48 

147 2 

0 69 

10 

Schiaparelli 

1883 51 

152 5 

0 57 

6 

Hall 

1883 61 

1632 

0 61 

7 

Englemann 

1883 66 

1560 

0 61 

7 

f^eiiotm 

1883 69 

1616 

0 68 

3 

0 Stiuve 

1883 64 

160 6 

06± 

6-5 

Jedizejewicz 

1884 43 

159 4 

— 

6 

Bigouidan 

188448 

1601 

0 57 

3 

Hall 

1884 62 

1631 

0 64 

6 

Peiiotui 

1884 52 

162 0 

0 54± 

6 

Schiapaielli 

1884 64 

1617 

0 67 

1 

Pritchett 

1884 68 

158 0 

0 68 

3 

0 Struve 

1884 64 

166 6 

0 58 

5 

Englemann 

1884 66 

1724 

— 

3 

Seabioke 


t 

do 

Po 

n 

Observers 

1885 26 

o 

057 

1 

Copeland 

1885 41 

1701 

0 65 

4 

Hall 

1886 51 

1716 

057± 

10 

Schiapaielli 

1885 63 

170 7 

0 70 

6-1 

Sea & Smith 

1886 68 

170 0 

0 61 

7 

Englemann 

1886 46 

177 0 

0 70 

6 

Hall 

1886 49 

180 8 

0 72 

4 

Peiiotin 

1886 61 

178 6 

0 63 

3 

Tail ant 

1886 51 

1813 

080± 

3-1 

Sinitli 

1886 52 

178 8 

0 66 

11 

Schiapaielli 

1886 64 

1791 

0 67 

8 

Englemann 

1887 43 

186 6 

0 82 

1 

Hough 

1887 51 

186 6 

0 60 

16 

Schiapaielli 

1887 63 

186 0 

0 72 

3 

Tail ant 

1888 46 

196 7 

0 62 

6 

Hall 

1888 63 

199 0 

— 

1 

Copeland 

1888 66 

194 8 

0 60 

14 

Schiaparelli 

1888 63 

193 9 

0 74 

3 

0 Struve 

1889 42 

182 0 

— 

1 

Hodges 

1889 60 

202 3 

0 63 

4 

Hall 

1889 52 

200 8 

0 64 

6 

Schiaparelli 

1889 58 

2021 

0 72 

1 

0 Stiuve 

1890 43 

oblong 

— 

1 

GlasenapiD 

1890 60 

2101 

0 64 

6 

Hall 

1890 67 

208 2 

— 

1 

Bigoui dan 

1891 48 

218 4 

0 61 

3 

Hall 

1891 60 

213 5 

0 67± 

1 

See 

1891 62 

216 8 

0 57 

8 

Schiapaielli 

1891 54 

222 0 

0 75 

3 

Maw 

1892 44 

2261 

0 69 

1 

H C Wilson 

1892 45 

2301 

0 72 

2 

Leaven woi til 

1892 50 

230 2 

0 57 

11 

Bigouidan 

1892 67 

229 5 

0 67 

6 

Schiapaielli 

1892 66 

229 8 

0 48 

3 

Comstock 

1893 48 

244 7 

0 63 

1 

Maw 

1893 48 

243 2 

0 51 

7 

Schiapaielli 

1893 50 

242 8 

0 60 

3 

Leavenworth 

1893 62 

246 6 

0 49 

7-6 

Bigouidan 

1894 48 

2621 

0 44 

6 

Schiapaielli 

1894 49 

2614 

044 

1 

Bigouidan 

1896 30 

286 0 

0 45 

3 

See 

1896 51 

285 9 

0 30± 

3 

Comstock 
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This beautiful pair proved to be one of the first objects which gave dis- 
tinct evidence of orbital motion, and the binary character of the system was 
fully recognized by Heesohbl m 1803. Since the time of Steuvb the meas- 
ures are both numerous and satisfactory The pair is always rather close, but 
as the components are nearly equal in magnitude, it is generally easy to sepa- 
rate. IS’umerous orbits have been published by previous computers ; the fol- 
lowing table of elements is fairly complete 


p 

T 

6 

a 

a 

% 


Authority 

Source 

yrs 

44 242 

1806 20 

0 26034 

o"8325 

220°6 

S7 4: 

358 63 

Herschel, 1833 

Mem R A S , VI, 166 

43 246 

1860 23 

0 3376 

10879 

24 3 

71 13 

261 36 

Madler, 1842 

Doip Obs , IX, 195 

43 310 

1815 20 

0 3537 

1 1912 

22 6 

715 

263 17 

Madler, 1842 


42 500 

1807 21 

0 289 

0 9024 

201 

59 47 

216 2 

Madlei, 1847 

Fixt Syp , I, p 243 

42 601 

1805 666 

0 4743 

10125 

10 52 

05 65 

227 17 

Villarceaul842 


66 267 

1780 124 

0 4695 

11108 

4 42 

68 05 

194 62 

Villaiceaiil852 


67 309 

1779 338 

0 4043 

1 2015 

9 87 

59 32 

185 0 

Villaiceaiil852 

AN, 868 

43115 

1850 329 

0 2865 

0 9567 

22 3 

60 07 

215 48 

Wiuiiecke 


i41 68 

1850 26 

0 2625 

0 827 

26 7 

68 0 

2114 

Wijkaiidei 


41576 

1850 26 

0 2625 

0 827 

26 7 

68 0 

216 6 

Dun^r, 1871 

A N , 1868 

4017 

1849 9 

0 287 

0 985 

22 2 

60 4 

2241 

Flamma’nl874 

Cat ^t Doub,p 88 

41 662 

1850 792 

0 2067 

0 892 

26 72 

69 68 

218 6 

Doberck, 1880 

AN, 2338 

41 6 

1892 3 

0 33 

0 86 

26 9 

66 0 1 

220 6 

Comstock, 1893 

Proo Am Assoc , 1894 


Mailing use of all the measures up to 1895, we find the following elements 
of 7} Coronae Boreahs* : 


P = 41 60 yeai's 

R = 

27° 10 

T = 1892 50 

^ =s 

68° 60 

0 = 0267 

\ = 

217° 67 

a = 0"9165 

n = 

+8° 663846 

Apparent orbit: 



Length of major axis 


= 1"804 

Lengtlf of minor axis 


= 0"934 

Angle of major axis 


= 28° 7 

Angle of periastron 


= 229° 0 

Distance of star from 

center 

= O'' 209 


The accompanying table shows that the motion is well represented, and 
that the pi*esent elements will finally imdergo but slight corrections. 


^ Aatronomiache No^chrichten, 8361 
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Tj OORONAE BOREALIS = Z1937 


Comparison op Compoted -with Observed Places 


m 




B 

00 — 6c 

WM 

n 

Obseivers 

1781 69 

0 

30 7 

27 4 

ff 

// 

108 

+3 8 

It 

1 

Heischel 

1802 69 

179 7 

174 8 

— 

0 63 

+4 9 

— 

1 

Heisehel 

1823 27 

26 9 

27 3 

1 58 

108 

-14 

+0 50 

2-1 

Heischel and South. 

1826 77 

35 3 

37 9 

1 07 

109 

-2 6 

-0 02 

4 

Stiuve 

1829 66 

43 2 

47 0 

0 96 

101 

-3 8 

-0 06 

2 

Stiuve 

1831 48 

514 

54 5 

0 96 

0 92 

-31 

+0 03 

16-4 

Dawes 2-0, Heischel 10-1 , 3 

1832 60 

66 9 

69 6 

0 74 

0 86 

-2 6 

-012 

13-5 

Heischel 9-2, Dawes 1-0, 2, 3 

1833 33 

62 7 

63 4 

0 72 

0 82 

-0 7 

-010 

11-2 

Heischel 8-2 , Dawes 3-0 

1834 84 

691 

72 6 

0 70 

0 73 

-34 

-0 03 

1 

Stiuve 

1836 41 

75 7 

76 6 

0 74 

0 70 

-09 

+0 04 

5 

Struve 

1836 62 

88 8 

86 9 

0 56 

0 63 

+2 9 

-0 07 

6 

Struve 

1839 70 

126 9 

122 2 

0 63 

0 63 

+3 7 

+010 

4 

Dawes 2 , 02 2 

1840 67 

136 0 

133 4 

0 51 

0 63 

+2 6 

-0 02 

7 

02 5 , Dawes 2 

1841 62 

149 8 

146 0 

0 50 

0 54 

+3 8 

-0 04 

16-11 

M^dlei 5 , 02 5 , Dawes 6-1 

1842 48 

157 8 

157 6 

0 54 

0 67 

+03 

-0 03 

9 

M^dlei 5 , Dawes 2 ^ 02 2 

1843 60 

169 2 

168 2 

0 58 

0 60 

+10 

-0 02 

13 

Madlei 6, Madlei 7 

1844 38 

174 0 

176 4 

0 57 

0 64 

-2 4 

-0 07 

3 

Madler 

1845 46 

179 3 

184 8 

0 58 

0 68 

-66 

-010 

6 

0 Stiuve 

1846 61 

195 7 

1941 

0 61 

0 71 

+1 6 

-010 

3 

0 Stiuve 

1847 42 

2010 

200 0 

0 63 

0 71 

+10 

-0 08 

24-21 

Hind 3-0 , Midler 11 , 02 5 , Madlei 5 

1848 49 

207 2 

207 8 

0 66 

0 70 

-0 6 

-0 04 

10 

Madlei 3 , Dawes 2 , Dawes 1 , Bond 2 , 02 

1849 54 

219 3 

216 0 

0 64 

0 66 

+3 3 

-0 02 

5-4 

Dawes 2-1 , 02 3 

I860 69 

2316 

226 6 

0 54 

0 60 

+6 9 

-0 06 

8 

02 3 , Bletcher 2 , Madlei 3 

1861 63 

237 8 

236 9 

0 42 

0 63 

+19 

-Oil 

22-19 

Madler 3-2 , Dawes 2 , 0.2' 10 , Madlei 7-6 

1852 60 

260 8 

253 6 

0 41 

0 44 

-2 7 

-0 03 

21-19 

Dawes 2 , 02 6 , Madlei 13-11 

1853 61 

270 3 

272 9 

0 36 

0 40 

-2 6 

-0 06 

17 

Jacob 2, Madler 5, 02 5, Dawes 4, Madlei 1 

1854 46 

304 3 

296 6 

0 39 

0 38 

+7 8 

+0 01 

14-13 

Jacob 3 , Dawes 3 , 02 4 , Madlei 4-3 

1865 56 

326 6 

3216 

0 43 

0 43 

+5 0 

±0 00 

19-13 

Sec 2-0 , WiDii 10-6 , Da 1-^ , 0.2 4 , Ma 2-0 

1866 47 

3391 

337 7 

0 49 

0 50 

+14 

-0 01 

30-25 

Wmn 9-6 , Da 1-3 , Ja 2 , 'Wmii 84 , See 7 , 02 3 

1867 67 

3513 

350 6 

0 61 

0 61 

+0 7 

±0 00 

18-16 

Madlei 2-0 , Dawes 2 , Secchi 7 , 02 4, Jacob 3 

1868 64 

13 

359 0 

0 73 

0 70 

+2 3 

+0 03 

24-11 

Seochi3-0, DembowskilO-0, 02' 6, Madler 6 

1859 62 

62 

6 6 

0 74 

0 79 

-0 4 

-0 06 

16-11 

Madlei 4 , Secchi 4-0 , 02 4 , Dawes 3 

1860 36 

84 

101 

0 87 

0 86 

-IT 

+0 01 

2 

Dawes 

1861 68 

161 

16 6 

0 92 

0 94 

+0 5 

-0 02 

9 

02 3, Madlei 6 

1862 61 

19 6 

19 7 

0 87 

100 

-01 

-0 13 

19-16 

Winn 3-0, Dembowski 11 , Madler 3, 02 2 

1863 63 

218 

22 9 

0 96 

104 

-11 

-0 09 

19 + 

Dem 13 , 02 4 , Leyton Cbs — , Secchi 2 

1864 46 

26 3 

26 9 

0 91 

107 

+04 

-016 

12 

Dembowski 10 , Englemann 2 

1865 40 

28 6 

28 9 

112 

109 

-0 4 

+0 03 

23 

En 6 , 02 3 , Dem 9 , Da 3 , Sec 2 , Ley 1 

1866 52 

32 6 

32 4 

123 

110 

+01 

+013 

22-21 

Leyton Obs 2, Dem 9, Sec 3, Hv 4-3, 02 4 

1867 60 

33 0 

36 3 

110 

110 

-2 3 

±0 00 

18-16 

Kn3,HY'3-2, 02 2, Dem 7, Ley 1-0, Du 1, 

1868 69 

37 6 

38 6 

103 

109 

-11 

-0 06 

1 17 

Dem 7, 02 5, Dundi4, Pence 1 [Winn 1 

1869 57 

40 7 

416 

103 

106 

-0 9 

-0 03 

10-9 

Duller 9 , Leyton Obs 1-0 

1870 46 

451 

446 

107 

104 

+0 6 

+0 03 

25-22 

Dem 8 , Pei 4-1 , G1 2 , Ley — , Kn 1 , Du 7, 02 3 

1871 51 

471 

48 3 

106 

100 

-12 

+0 06 

26 

Ley — . Dem 8, Du 9, Hn 9, Sea 2, G1 1 

1872 47 

612 

52 0 

100 

0 96 

-0 8 

+0 04 

29 + 

Ley -, Dem 9 , Fei 7 , W & S 1, Du 7, 02 6 

1873 52 

66 9 

56 4 

101 

0 90 

-0 5 

+011 

22-20 

W & S 3 , Dem 8 , Ley — , G1 5-3 , 02 4 , Du, 2 

1874 47 

606 

610 

0 89 

0 85 

-0 5 

+0 03 

19-17 

Ley 2-1 , G1 3 , Dem 8 , W & S 2-1 , 02 4 

1876 44 

67 2 

66 2 

0 82 

0 79 

+10 

+0 03 

23 

Dembowski 8 , Schiapaielli 4 , Dun^i 11 

1876 46 

71 9 

72 6 

0 80 

0 73 

-0 7 

+0 07 

31-26 

Dk 8-2 , HI 4, Ley 1 , Dem 9 , Sch 6 , 02 4 

1877 41 

77 2 

79 4 

0 80 

0 68 

-2 2 

+012 

30-22 

Oopl,Dk 4-2, W&S 6-0 ,Sch6, Dem9,Pll, 

1878 66 

89 2 

89 7 

0 64 

0 61 

-0 6 

+0 03 

26 

1 , Dk 3 , Dem 8, Sch 9, 02 4, Pi 1 [02 4 

1879 63 

100 6 

100 2 

0 56 

0 67 

+0 3 

-0 02 

11 

Schiapaielli 7 , Hall 4 

1880 66 

114 6 

112 6 

0 64 

0 64 

+2 0 

±0 00 

23-20 

Big 2-0, Dk 3-2, Sch 6, Jed 5,^5, Cop 2 

1881 44 

124 7 

123 9 

0 61 

0 63 

+0 8 

-0 02 

11-9 

Doberck 2-0 , Hall 4 , Schiaparelli 4 , 02 1 

1882 49 

140 7 

137 8 

0 64 

0 53 

+2 9 

+0 01 

23-20 

Doberck3-2, Hall 4, Sch 8 , 02 2, En 6^ 

1883 56 

1618 

150 9 

0 68 

0 66 

+0 9 

+0 03 

39-38 

Sch 10, HI 6, En 7, Per 7, 02 3, Jed 6-5 [Sea 3-0 

1884 64 

163 6 

162 6 

0 60 

0 68 

+10 

+0 02 

33-24 

Big6-0,H13, Per 6, Sch6,Pil, 023, En6, 
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t 


Bo 

9o 

9c 

Oo — Oc 

Po—Pe 

n 

Observers 

1885 46 

170“6 

171°7 

063 

062 

0 

-11 

+ 0 01 

26-23 

Cop 0-1, HI 4, Soh 10, Sea &Sm 6-1, En 7 

1886 52 

179 3 

1811 

0 68 

0 66 

-18 

+0 02 

34-32 

Hall 5 , Per 4 , Tar 3 , Sm 3-1 , Sch 11, En 8 
Hough 1 , Schiaparelli 15 , Tarrant 3 

Hall 5 , Copeland 1-0 , Schiaparelli 14 , OZ 3 

1887 51 

1861 

189 0 

0 71 

0 69 

-2 9 

+0 02 

19 

1888 54 

195 8 

196 5 

0 65 

0 71 

-0 7 

-0 06 

23-22 

1889 53 

2017 

203 7 

0 66 

0 71 

-2 0 

-0 05 

11 

Hall , Schiaparelli 6 , OJ! 1 

1890 53 

2091 

2114 

0 64 

0 69 

-2 3 

-0 05 

7-6 

Hall 6 , Bigourdan 1-0 

1891 51 

217 6 

2191 

0 66 

0 64 

-16 

+0 01 

16 

Hall 3 5 See 1 , Schiapaielli 8 , Maw 3 

1892 60 

2291 

2291 

0 61 

0 68 

±00 

+0 03 

23 

H C W 1 , Lv. 2 , Big 11 , Sch 6 , Com 3 

Maw 1 , Schiaparelli 7 , Lv 3 , Big 7-6 
Schiaparelli 6 , Bigourdan 1 

1893 49 

2441 

2418 

0 63 

0 60 

+2 3 

+0 03 

18-17 

1894 49 

2618 

269 3 

0 44 

0 43 

+2 6 

+0 01 

7 

1896 61 

2869 

282 7 

0 37 

0 38 

+3 2 

-0 01 

3-6 

See 0-3 , Comstock 3 


The uncertainty in the period does not surpass 0.1 year, and an alteration 
of the eccentricity amounting to ±001 is not probable It seems, however, that 
there are occasional systematic errors in the angles, and hence careful measure- 
ment should be continued. It will not he many yeai'S before a definitive deter- 
mination of the elements of this interesting binary can be advantageously 
undertaken. The following is a short ephemeris for the use of observers 


t 

6. 

Po 

t 

6o 

P. 


0 

ff 


O 

« 

1896 60 

306 9 

0 39 

1899 SO 

353 8 

0 64 

1897 50 

327 7 

0 46 

1900 60 

1 6 

0 73 

1898 60 

342 9 

0 64 





BOOTIS = S 1938. 

a = IS^ 20™ 7 , 8 = +87° 43' 

6 5, white , 8, white 

Discovered hy Sir Wtlliam Herschel^ Sejytemher 10 , 1781 
OBSKRVATTOISrS 


t 

6o 

Po 

n 

Ohfaervers 

1782 68 

367°2 

If 

1 

Heischel 

1802 86 

346 2 

— 

- 

Herschel 

1822 21 

330 7 

— 

2 

Struve 

1823 41 

333 7 

165 

3 

H & So 

1825 46 

333 S3 

143 

6 

South 

1826 77 

327 0 

138 

2 

Struve 

1829 73 

324 0 

124 

2 

Struve 

1830 24 

3241 

0 85 

2 

Heischel 

1831 36 

8217 

114 

1 

Heischel 


t 

6o 

Po 

n 

Observers 

1833 02 

319'’3 

I'oo 

3-1 

Herschel 

1833 39 

319 8 

115 

1 

Dawes 

1833 85 

319 7 

119 

3 

Struve 

1836 66 

318 6 

110 

3 

Struve 

1835 65 

309 1 

— 

1 

Madler 

1836 46 

310 1 



2 

Madler 

1836 66 

3161 

106 

3 

Struve 

1837 37 

314 9 

10± 

1 

Dawes 

1837 70 

316 0 

09 

- 

Struve 

1839 83 

310 4 

-- 


W Struve 
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ju.® BOOTIS = ^1938 


t 

Oo 

Po 

n 

Observers 

1840 39 

306°0 

o’ss 

3 

Dawes 

1840 46 

313 8 

0 98 

3 

0 Stiuve 

1841 47 

308 7 

0 82 

2 

Madlei 

1841 66 

303 2 

0 86 

63 

Dawes 

1842 23 

303 8 

0 85 

3 

0 Struve 

1842 40 

305 2 

0 72 

3 

Madler 

1842 40 

300 9 

0 85± 

3 

Dawes 

1842 66 

304 9 

0 78 

2 

Madler 

1843 57 

3015 

0 76 

10 

Madlei 

1844 39 

299 2 

0 71 

2 

Madler 

1845 64 

295 8 

0 64 

10 

Madlei 

1846 40 

2918 

0 64 

12-11 

Madler 

1846 68 

2871 

0 67 

4 

0 Stiuve 

1847 08 

2813 



2 

Hind 

1847 30 

286 5 

0 65± 

4 

Dawes 

1847 38 

2881 

0 55 

15-13 

Madler 

1848 37 

282 4 

0 42 

2 

Madler 

1848 52 

280 0 

0 65 

4 

Dawes 

1848 62 

282 9 

0 56 

3^ 

Bond 

1849 44 

276 2 

0 68 

2 

Dawes 

1860 46 

272 7 

0 53 

2 

0 Stiuve 

1860 69 

276 7 

0 40 

3-2 

Madler 

1861 28 

264 9 

0 32 

3 

Madlei 

1851 42 

266 6 

0 52 

2 

Dawes 

1851 48 

262 7 

044 

3 

0 Stiuve 

1851 77 

263 4 

0 31 

4 

Madlei 

1852 52 

262 2 

0 66± 

1 

Dawes 

1852 60 

2613 

0 41 

10 

Madlei 

1852 66 

268 2 

0 49 

3 

0 Struve 

1863 23 

2651 

0 46± 

2 

Jacob 

1853 34 

266 2 

0 33 

4 

Madler 

1853 71 

254 6 

06± 

1 

Dawes 

1863 77 

266 6 

0 40 

2 

Madler 

1864 05 

263 7 

05± 

2 

Jacob 

1864 41 

249 3 

0 47 

3 

Dawes 

1864 70 

247 2 

0 44 

4 

Madler 

1855 11 

247 2 

0 53 

4 

0 Struve 

1866 62 

256 9 

0 42 

2 

Madler 

186642 

236 5 

0 45 

1 

Secchi 

1866 67 

2421 

0 59 

2 

0 Struve 


t 

6o 

Po 

n 

Observeis 

1867 38 

2392 

036 

2 

Madlei 

1867 52 

2317 

0 56 

1 

Seccbi 

1867 66 

237 9 

0 68 

3 

0 Stiuve 

1858 56 

226 9 

0 45 

1 

Secchi 

1858 56 

228 3 

0 57 

3 

0 Stiuve 

1858 57 

236 0 

0 32 

4 

Madlei 

1859 39 

226 4 

0 42 

3-2 

Madlei 

1860 95 

2113 

0 68 

3 

0 Stiuve 

1861 58 

2161 

0 42 

2 

Madlei 

1862 66 

202 9 

0 3’ 

3 

Dembowski 

1862 63 

217 7 

04± 

1 

Madlei 

1863 38 

195 8 

0 56 

12 

Dembowski 

1863 63 

195 8 

0 76 

- 

Leyton Obs 

1864 41 

193 0 

0 51 

4 

Knott 

186448 

189.6 

cuneo 

6 

Dembowski 

1866 45 

184 8 

0 63 

10 

Dembowski 

1866 46 

1901 

0 48± 

3 

Dawes 

1866 72 

197 9 

— 

1 

Leyton Obs 

1866 78 

187 5 

0 57 

6 

Englemann 

186640 

179 2 

0 60 

3 

0 Struve 

1866 41 

196 4 

0 85 

3-2 

Leyton Obs 

1866 48 

1812 

0 60 

7 

Dembowski 

1866 54 

180 3 

m cont 

1 

Seccln 

1867 48 

175 8 

0 60 

6 

Dembowski 

1868 38 

174 2 

0 63 

5 

Dembowski 

1869 49 

1711 

0 63 

6 

Dun^r 

1869 64 

167 5 

0 54 

2 

0 Stiuve 

1870 39 

165 8 

0 62 

7 

Dembowski 

1870 44 

164 0 

— 

1 

Gledliill 

1870 52 

163 9 

0 59 

4 

Dun^i 

1870 65 

170 8 

— 

- 

Leyton Obs 

187143 

1612 

0 61 

7 

Dembowski 

1871 54 

160 8 

0 67 

6 

Dun^r 

1871 57 

167 9 

0 70 

1 

Seabioke 

1871 65 

168 4 

05± 

1 

Gledhill 

1872 29 

167 5 

— 

— 

Leyton Obs 

1872 36 

163 4 

0 36± 

2 

W & S 

1872 44 

1541 

0 66 

8 

Dembowski 

1872 46 

162 0 

06± 

4 

Knott 

1872 62 

168 0 

0 66 

2 

Dim^r 
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t 


Po 

n 

Observers 

1873 09 

158°2 

0 63 

4 

0 Struve 

1873 34 

1510 

0 52± 

3-2 

W & 8 

1873 41 

151 0 

0 67 

7 

Dembowski 

1873 48 

155 8 

— 

1 

Leyton Obs 

1873 47 

152 3 

0 48± 

2 

Gledhill 

1874 22 

150 7 

0 68 

2 

Gledhill 

1874 44 

1491 

07 

1 

W & S 

1874 44 

147 8 

0 81 

6 

Dembowski 

1874 54 

166 4 

— 

1 

Leyton Obs 

1876 41 

141 9 

0 69 

8 

Dembowski 

1876 47 

143 3 

0 64± 

4 

Schiaparelli 

1876 62 

146 7 

0 80 

1 

Dun^r 

1876 35 

143 6 



2 

Dobeick 

1876 44 

146 4 

0 73 

4 

Hall 

1876 46 

138 2 

0 70 

8 

Dembowski 

1877 24 

138 5 

0 75 

5 

Schiapaielli 

1877 38 

131 6 

0 66 

4-2 

Dobeick 

1877 42 

136 9 

0 71 

7 

Dembowski 

1877 49 

145 3 

0 73 

4 

W & S 

1877 62 

143 0 

0 67 

1 

0 Stiuve 

1878 41 

136 2 

0 68 

1 

Burnham 

1878 49 

137.6 

0 62 

4 

Doberck 

1878.62 

132 0 

0 62 

6 

Dembowski 

1878.63 

132 7 

0 63± 

6 

Schiaparelli 

1878 68 

137 7 

0 63 

1 

0 Struve 

1879 61 

128 6 

0 79 

4 

Schiaparelli 

1879 64 

133 3 

0 73 

4 

Hall 

1880 18 

128 7 

0 78 

5 

Burnham 

1880 40 

129 6 

0 64 

1 

Hall 

1880 60 

1301 

0 70 

4 

Doberck 

1880 63 

126.7 

0 79 

4 

Schiapaielli 

1880 66 

122 6 

07± 

4 

Jedrze 3 ewicz 

1881 26 

126 9 

— 

4 

Doberck 

1881 38 

126 0 

0 63 

4 

Burnham 

1881 50 

1216 

0 78 

4 

Schiaparelli 

1881 50 

123 7 

0 62 

6-4 

Bigourdan 

1881 60 

121 9 

0 62 

3 

Hall 

1881 63 

122.4 

0 72 

1 

0 Struve 

1882 32 

125 0 

0 75 

2-1 

Doberck 

1882 43 

1217 

0 64 

3 

Hall 

1882 62 

120 4 

0 79 

4 

Schiaparelli 

1882 63 

1219 

0 77 

4 

Englemann 

1882 66 

116 9 

0 64 

1 

0 Struve 

1883.47 * 

114 3 

0 87 

4 

Schiaparelli 


t 

(9. 

Pc 

n 

Observers 

1883 50 

116°0 

oVo 

2 

Hall 

1883 57 

117 6 

0 76 

6 

Englemann 

1883 59 

112 9 

0 75 

2 

Penotin 

1883 63 

110 2 

0 64 

1 

0 Stiuve 

1884 48 

113 8 

0 69 

3 

Hall 

1884 51 

112 3 

0 74± 

4 

Schiapaielli 

1884.62 

110 2 

0 86 

2 

0 Stiuve 

1884 67 

119 9 

— 

4 

Seabioke 

1886 40 

110 8 

0 76 

2 

Peirotin * 

1886 49 

105 8 

100± 

3-1 

Smith 

1886 49 

1101 

0 79 

3 

Tarrant 

1886 49 

1113 

0 71 

•4 

Hall 

1886 60 

109 4 

0 89 

4 

Schiapaielli 

1885 63 

116 9 

0 85 

7-6 

Englemann 

1886 70 

110 6. 

07± 

6 

Jedrzejewicz 

1886 49 

106 7 



2 

Smith 

1886 51 

107 3 

0 65 

3 

Hall 

1886 51 

106 0 

0 72 

2 

Peirotm 

1886 64 

107 7 

0 74 

2 

Schiapai elh 

1886 78 

106 2 

07± 

5 

Jedizejewioz 

1887 44 

106 4 

0 70 

4- 

Hall 

1887 66 

99 0 

— 

1 

Smith 

1887 66 

103 0 

0 74 

6 

Schiaparelli 

1888.45 

100 0 

0 60 

4 

Hall 

1888 69 

1016 

0 76 

6-3 

Schiaparelli 

1888 91 

1031 

0 73 

2 

Tarrant 

1888 69 

1016 

0 87 

1 

0 Struve 

1889 35 

97 8 

0 73 

3 

Maw 

1889 42 

96 2 

100 

1 

Hodges 

1889 52 

98 7 

0 84 

3 

Schiapaielli 

1890 60 

107 8 

(0 85^ 

2 

Glasenapj) 

1891 49 

96 4 

0 80± 

2 

Schiaparelli 

1891 63 

94 7 

0 74± 

2 

See 

1892 42 

92 6 

0 82 

1 

Collins 

1892 58 

891 

0 74 

4 

Comstock 

1893 47 

88 0 

0 98 

4 

Bigourdan 

1893 49 

88 6 

0 77 

2 

Maw 

1894 48 

85 6 

119 

1 

Callandreau 

1894 50 

86 0 

105 

6 

Bigourdan 

1894 69 

86 4 

0 75 

1 

H C Wilson 

1896 31 

83 5 

0 84 

3 

See 

1895 62 

83 9 

0 64 

3 

Comstock 
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"Wlieii the observations of 1782 were compared with those of 1802, the 
physical character of the system was fairly indicated* Since the time of 
Stetjve it has been carefully followed by the best observers, and accordingly 
the mateiial now available foi an oibit is highly satisfactory. The compamon 
IS only slightly smaller than the principal star, and is therefoie never very 
diflOlcnlt to measure In all parts of the oibit the pair is sujSiciently wide to 
be seen with a six-inch telescope, but as the minimum distance of 0"49 in 
angle 230° was passed in 1858, it is not surprising that the observers on either 
side of this epoch, with few exceptions, have made then obseived distances too 
small Thus, although the measures of different observers are not infiequently 
affected by systematic eirors of sensible magnitude, yet by combining the best 
measures into mean positions for each year, we obtain a set of places which 
give an orbit that seems likely to be veiy near the truth 
Some of the elements hitherto published are as follows 


p 

T 

e 

a 

9. 

% 

1 

Authonty 

Source 

14^649 

1851 67 

0 8629 

1320 

94°^ 

49°4 

87°1 

Madler, 1847 

Fixt Syst , 1, 262 

182 6 

1866 0 

0 491 

1 165 

1661 

47 6 

23 0 

Winagr jl872 


314 34 

1860 88 

0 5641 

1 761 

163 2 

419 

64 4 

Hind, 1872 

M K,vol XXXII, p 250 

200 4 

1865 2 

0 51 

— 

172 0 

45 0 

201 

Wilson, 1872 

Handb D S , p 313 

198 93 

1865 6 

0 4957 



169 0 

46 4 

23 6 

Klmkeifues 

Handb D S , p 313 

290 07 

1863 51 

0 6174 

1500 

183 0 

44 4 

17 7 

Dobeick,1875 

A 11,2026 

280 29 

1860 61 

0 5974 

147 

173 7 

39 9 

20 0 

Dobeick, 1878 

AN, 2194 

266 0 

1862 65 

0 5668 

1057 

166 7 

35 2 

40 9 

Piitcliarcl, 

Ox Obs , No 1, p 64 


From an investigation of all the observations which appear to be leliable, 
we find the following elements of /a® Boohs : 


Apparent orbit: 


P = 219 42 yeais 

Q, 

= 163“ 8 

T = 1865 30 

% 

= 43“ 9 

6 = 0 537 

X 

= 329“ 75 

a = F2679 

n 

= -1“6407 

Length, of ina]OL axis 


= 2" 656 

Length of minor axis 


O 

CO 

tH 

II 

Angle of naa 3 or axis 


= 173“ 6 

Angle of peiiastron 


= 186“ 7 

Distance of star from centre = 0'^ 638 


An examination of the computed and observed places, ^ven in the follow- 
ing table, seems to justify the conclusion that the elements found above will 


*Astronomische Nachrichten, 3809 
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not be materially changed by future investigation Thus, the period -will hardly 
be varied by so much as ten years, while the resulting alterations m the eccen- 
tricity, inclination and other elements will be relatively inconsiderable. 


Table oe Computed and Observed Plages 


t 

6o 

6c 

Po 

Pc 

Bo — Be 

Po Pc 

n 

Observeis 

1782 68 

3672 

353°9 

n 

n 

183 

+3“3 

// 

1 

Herschel 

1802 86 

346 2 

343 6 



1 68 

"h2 6 

— 

— 

Herschel 

1822 21 

330 7 

330 8 

— 

138 

-0 1 

— 

2 

Struve 

1823 41 

333 7 

329 0 

1 66 

133 

+4 7 

+0 32 

3 

Herschel and South 

1826 46 

333 6 

326 2 

1 43 

126 

+ 63 

+0 17 

5 

South 

1826 77 

327 0 

325 9 

1 38 

1 26 

+1 1 

+013 

2 

Struve 

1829 73 

324 0 

323 4 

124 

120 

-0 9 

+ 0 04 

2 

Struve 

1830 24 

3241 

3221 

0 86 

1 17 

+2 0 

-0 32 

2 

Heischel 

1831 36 

3217 

320 9 

1 14 

114 

+0 8 

0 00 

1 

Herschel 

1833 42 

319 6 

3181 

1 11 

109 

+16 

+0 02 

7-6 

Herschel 3-1 , Dawes 1,-13 

1835 65 

318 6 

3151 

1 10 

103 

+ 35 

+0 07 

3 

Stiuve 

1836 65 

3151 

313 4 

1 06 

100 

+1 7 

+0 06 

3 

Stiuve 

1837 53 

315 0 

3118 

0 95 

0 97 

+3 2 

-0 02 

— 

Dawes 1 , -i" — 

1840 42 

309 9 

306 7 

0 91 

0 89 

+3 2 

+0 02 

6 

Dawes 3 , 02: 3 

1841 66 

303 2 

3041 

0 86 

0 85 

-0 9 

+0 01 

6-3 

Dawes 

1842 32 

302 4 

302 6 

0 85 

0 83 

-0 2 

+0 02 

6 

02 3 , Dawes 3 

1843 57 

301 5 

299 6 

0 76 

0 80 

+2 0 

-0 04 

10 

Madler 

1844 39 

299 2 

297 3 

0 71 

0 77 

+1 9 

-0 06 

2 

Madler 

1846 68 

2871 

2913 

0 67 

0 71 

-3 2 

-014 

4 

0 Struve 

1847 34 

287 3 

288 4 

0 60 

0 68 

-11 

-0 08 

19-17 

Dawes 4 ; Mftdlei 15-13 

1848 47 

2817 

284 3 

0 64 

0 66 

-2 6 

-0.11 

9-10 

Madler 2 , Dawes 4 , Bond 3-4 

1849 44 

276 2 

280 6 

0.68 

0 63 

-4 3 

+0,06 

2 

Dawes 

‘ 1860 67 

274 7 

276 6 

0 47 

0 60 

-0 9 

-013 

6-4 

02 2 , Madler 3-2 

1851,49 

263,9 

271,2 

0 40 

0 68 

-7 3 

-0 18 

12 

M&^dler 7 , Dawes 2 , OS 3 

1852 66 

268.2 

266 8 

0 49 

0 66 

+2 4 

-0 06 

3 

0 Struve 

1863 60 

260 9 

2601 

0 42 

0 63 

+0 8 

-oil 

4 

Jacob 2 5 Miidler 2 

1854 39 

2601 

266 6 

0 47 

0 62 

-6 4 

-0 06 

9 

Jacob 2 , Dawes 3 , Madler 4 

1855 11 

247 2 

260 8 

0 53 

0 61 

-2 6 

+0 02 

4 

0 Struve 

1866 49 

239 3 

241 1 

0 52 

0 49 

-18 

+0 03 

3 

Secchi 1, OS 2 

1857 62 

236 3 

235 0 

0 49 

0 49 

+1 3 

0 00 

6 

Madler 2, Secchi 1 , OS 3 

1868 66 

2301 

228 0 

0 45 

0 49 

+21 

-0 04 

8 

Secchi 1 , OS 3 , Madler 4 

1869 39 

226 4 

223 7 

0 42 

0 49 

+2 7 

-0 07 

3-2 

Madler 

1860 96 

2113 

212 4 

0 68 

0 60 

-11 

+0 08 

3 

0 Struve 

1861 68 

2161 

207 9 

0 42 

0 60 

-7 2 

-0 08 

2 

Madler 

1862 66 

202 9 

202 2 

0 32 

0 62 

+ 07 

-0 20 

3 

Dembowski 

1863 38 

196 8 

197 3 

0 66 

0 63 

+15 

+ 0 02 

12 

Dembowski 

1864 44 

1912 

1912 

0 61 

0 64 

00 

-0 03 

9 

Knott 4 , Dembowski 6 

1866 56 

187 6 

184 7 

0 63 

0 66 

+2 8 

-0 03 

18 

Dem 10, Dawes 3, EnglemannS 

1866 47 

180 2 

1814 

0 56 

0 67 

-12 

-0 02 

11 

OS. 3 , Dembowski 7 , Secchi 1 

1867 48 

175 8 

176 9 

0 60 

0 69 

-01 

+0 01 

6 

Dembowski 

1868 38 

174 2 

1718 

0 63 

0 60 

+2 4 

-0 07 

6 

Dembowski 

1869 51 

169 3 

166 7 

0 64 

0 61 

+2 6 

-0 07 

8 

Dun^r 6 , OS 2 

1870 45 

164 6 

162 7 

0 60 

0 62 

+19 

-0 02 

12-11 

Dem 7 , Grledhill 1-0 , Dun^r 4 

1871 64 

1601 

168 4 

0 59 

0 63 

+17 

-0 04 

13 

Dem 7, Dun^rS, Gledhill 1 

1872 44 

156 9 

164 8 

0 54 

0 65 

-18 

-on 

16 

W & S , Dem 8, Kn 4, Du 2 
OS4, W &S 3-2, Dem 7 , G1 2 

1873 38 

153 1 

1616 

0 57 

0 65 

+16 

-0 08 

16-16 

1874 37 

149 2 

147 6 

0 69 

0 66 

+16 

+0 03 

9 

Gledhill 2; W & S 1, Dem 6 

i 1876 46 

144 0 

143 6 

0 71 

0 67 

+0 5 

+0 04 

13 

Dem 8 , Schiaparelli 4 , Dun^r 1 

1876 46 

138 2 

139 4 

0 70 

0 68 

-12 

+0 02 

8 

Dembowski 

1877 38 

137 6 

136 6 

0 67 

0 68 

+11 

-0 01 

20-18 

Sch 5, Dk 4-2,Dem7,W&S 4 

1878 49 

134 6 

132 7 

0 64 

0 69 

+19 

-0 05 

16 

jS 1 , Dk 4 ] Dem 6 , Sch 6 
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02'298, 


t 

00 

00 

Po 

Pc 

e<r-ec 

po pc 

n 

Observers 

18T9 62 

131°0 

129°3 

0 76 

0*69 

o 

+ 17 

+oW 

8 

Schiaparelli 4 , Hall 4 

1880 44 

127 7 

126 3 

0 72 

0 70 

+ 14 

+0 02 

17 

P 5, HI 1, Dk 4, Sch 4, Jed 4 

1881 43 

123 8 

122 8 

0 66 

0 70 

+io 

-0 04 

21-15 

Dk4-0, yS4, Sch4, Big6-4,H14 

1882 45 

1213 

119 6 

0 74 

0 71 

H-17 

+0 03 

13-12 

Dk 0-1 , Hall 3 , Sch 4 , En 4 

1883 53 

114 9 

116 2 

0 77 

0 72 

-13 

+0 06 

14 

Sch 4, Hall2, En 6, Per 2 

1884 49 

113 0 

1131 

0 72 

0 72 

-01 

0 00 

7 

Hall 3 , Scliiaparelli 4 

1886 62 

1104 

110 0 

0 77 

0 73 

+ 04 

+0 04 

19 

Pei 2, Tai 3, H14, Sch4, Jed6 

1886 58 

106 5 

107 3 

0 70 

0 74 

-0 8 

-0 04 

12 

Hall 3 , Pei 2 , Sch 2 , Jed 5 

1887 60 

104 2 

1042 

0 72 

0 75 

00 

-0 03 

10 

Hall 4 , Schiapaielli 6 

1888 65 

1015 

1010 

0 69 

0 76 

+06 

-0 07 

11-9 

Hall 4 5 Schiapaielli 5-3 , Tan ant 2 

1889 43 

97 6 

98 7 

0 86 

0 77 

-11 

+0 09 

7 

Maw 3 , Hodges 1 , Schiapaielli 3 

1891 61 

95 0 

93 2 

0 77 

0 79 

+18 

-0 02 

4 

Schiaparelli 2 , See 2 

1892 50 

90 9 

90 6 

0 78 

0 80 

+ 03 

-0 02 

6-4 

Collins 1 , Comstock 4-3 

1893 48 

88 3 

88 2 

0 87 

0 81 

+01 

+0 06 

6 

Bigourdan 4 , Maw 2 

1894 64 

85 7 

86 6 

0 88 

0 82 

+01 

+0 06 

6 

Bigomdaii5, H C Wilson 1 

1895 31 

83 5 

83 8 

0 84 

0 84 

-0 3 

0 00 

3 

See 


The following is a short ephemeris : 


t 

0c 

Pc 

t 

0c 

Pc 


0 

u 


O 

It 

1896 60 

811 

0 86 

1899 60 

74 8 

0 89 

1897 50 

78 9 

0 86 

1900 60 

72 6 

0 90 

1898 50 

76 9 

0 87 





OV298. 

a = I'j'* 32"“ 4 , 8 = +40° 9' 

7, yellowish , 7 4, yellowish 

Discovered hy Otto Sto uve %n 1845 


Observatioits 


i 

00 

Pc 

n 

Observers 

t 

00 

Po 

n 

Observers 

1845 50 

180°5 

125 

2 

0 Strnve 

1866 53 

210°2 

// 

10 

1 

Demhowski 

1846 28 

186 5 

141 

2 

Madler 

1866 29 

207 0 

08 

1 

Demhowski 

1847 32 

189 6 

161 

2-1 

Madlei 

1867 61 

209 5 

0 99 

1 

Demhowski 

1848 46 

183 9 

111 

1 

0 Struve 

1868 52 

32 6 

0 84 

1 

0 Struve 

1848 68 

185 8 

123 

1 

Dawes 

1869 46 

2141 

0 61 

3 

Dun^r 

1851 76 

1918 

140 

2 

Madlei 

1870 26 

226 8 

separation 

doubtful 

1 

Demhowski 

1866 68 

1931 

121 

1 

0 Struve 

1871 63 

226 6 

contatto ^ 

1 

Demhowski 

1867 68 

196 8 

124 

1 

0 Struve 

1872 58 

236 8 

0 68 

1 

0 Struve 

1869 62 

197 4 

113 

1 

0 Struve 

1876 62 

84 2 

0 63 

1 

0 Struve 

186144 

13 6 

116 

1 

0 Struve 

1875 66 

266 6 

0 37 

2 

Demhowski 
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t 

$0 

Po 

n 

OlDseirers 

t 


Po 

n 

Observers 

1876 47 

280°S 

If 

0 3 ciuieo 3 

Deiubowski 

1887 60 

1420 

0 39 

3 

HaU 

1877 53 

296 9 

03 

5 

Dembowski 

1887 56 

143 0 

0 33 

6 

Schiapaielli 






1888 54 

339 4 

0 66 

1 

0 Struve 

1878 33 

130 8 

0 27 

2 

Burnham 

1888 59 

153 4 

0 42 

5 

Schiapaielli 

1879 46 

335 0 

0 26 

4 

Hall 






1879 49 

327 8 

0 33 

4 

Schiaparelli 

1889 52 

1681 

0 55 

3 

Schiaparelli 

1881.41 

176 4 

0 36 

3 

Hall 

1891 48 

167 3 

0 68 

3 

Hall 

1882 47 

76 

0 33 

4 

Schiaparelli 

1891 49 

347 5 

0 63 

1 

Schiapaielli 

1882 52 

359 6 

0 30 

4~3 

Engleniann 






1882 56 

368 0 

0 32 

1 

0 Struve 

1892 42 

169 9 

0 82 

1 

Collins 






1892 47 

169 3 

0 88 

2 

Bigourdan 

1883 52 

22 4 

0 31 

G 

Schiapaielli 

1892 69 

168 9 

0 64 

4 

Comstock 

1883 66 

36 7 

017 

3 

Englemann 











189343 

3615 

0 91 

1 

Bigouidan 

1884 44 

49 0 

0 30 

2 

Peiiotin 

1893 71 

173 6 

0 64 

1 

Comstock 

1884 61 

57 3 

0 31 

6 

Schiapaielli 











1896 54 

1731 

0 86 

3 

Comstock 

1886 65 

60 9 

0 27 

7-4 

Englemann 

1895 56 

174 2 

0 82 

1 

Schiaiiaielli 

1886 67 

133 7 

0 29 

2 

Schiapaielli 

1895 74 

179 4 

0 95 

2 

See 

1886 68 

104 9 

0 29 

7 

Englemann 

1896 74 

177 2 

105 

1 

Moulton 


Smco the discovery of this binary m 1845, the companion has described 
substantially an entire revolution. The period is therefore fixed with sufficient 
precision 5 indeed, the numerous and satisfactory measures of this pair secured 
during the last fifty years define the other elements in a manner almost equally 
satisfactory. The shape of the apparent orbit is such that the pair is never 
excessively difficult, and yet measurement near periastron, where the distance 
reduces to 0"22, requires a good telescope. The components are of nearly 
equal bnghtness, and hence a number of the measures as recorded requires a 
correction of 180* 


The following orbits of this pair have been published by previous com- 
puters : 


JP 

T 

e 

a 

SI 

i 

X 

Authority 

Source 

yrs 

68 802 

1812 96 

0 4872 

0 886 

14°63 

66“l7 

342°62 

Doberck, 1879 
Dolgorukow,1883 

AN, 2280 

70 26 

1882 22 

0 61 

0 83 

12 29 

50 63 

346 15 

A N , 2631 

66 663 

1882 867 

0 5836 

0 8835 

213 

65 85 

219 

Celoiia, 1888 

A N , 2843 
Unpublished 

510 

1883 0 

0 677 

0 780 

41 

612 

20 7 

See, 1895 


An investigation based on all the best observations leads to the following 
elements of 02 298. 


P = 62 0 years 
T = 1883 0 
6 = 0681 
a = 0^7989 


a = 1*9 
^ = 60° 9 
X = 26°1 
n = +6° 9231 
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C)J’298 


Apparent orbit 


Length, of major axis 

= 1" 546 

Length of mmoi axis 

= 0" 656 

Angle of majoi axis 

= 186° 9 

Angle of periastion 

= 15° 3 

Distance of star fioin oentie 

= 0" 427 


COMPAEISON OP COMPtTTFD WITH OBSEBVED PlAOES 


t 

(9. 

Be 

Po 

Pc 

1 

Po—Pe 

n 

Obsexveis 

1845 50 

1846 28 

1847 32 

1848 57 
1851 75 
1856 58 
1867 68 
1869 62 
1861 44 
1866 63 

1866 29 

1867 61 

1868 52 

1869 46 

1870 26 

1871 63 

1872 58 

1875 67 

1876 47 

1877 63 

1878 33 

1879 47 
1881 41 

1882 47 

1883 57 

1884 47 
1886 66 
1886 68 

1887 63 

1888 56 

1889 62 
1891 49 

1892 49 

1893 62 

1895 66 

1896 74 

180°5 
186 5 
189 6 
184 9 
1918 
1931 

196 8 

197 4 
193 5 
210 2 
207 0 
209 5 
202 6 
2141 

225 8 

226 6 
235 8 
264 7 
280 8 
295 9 
310 8 
3314 
356 4 

75 
22 4 
631 
60 9 
133 7 
142 6 
153 4 
1581 
167 4 
1694 

172 5 

173 7 
178 3 

180‘’5 
1816 
1831 
184 8 
188 8 
190 2 
196 2 
198 9 
2016 
2091 
210 8 
214 2 
216 9 
220 0 
222 7 
229 6 
236 3 
263 2 
276 9 
292 8 
306 4 
326 0 
3521 
66 
26 7 
53 7 
102 4 
130 6 
1441 
163 6 
1691 
167 8 
170 8 
173 4 
177 3 
177 6 

u 

126 
141 
151 
117 
140 
121 ' 
124 
113 
116 

1 0 

08 

0 99 

0 84 

0 61 

0 58 

0 45 
03 

03 

0 27 

0 29 

0 35 

0 33 

0 31 

0 31 

0 27 

0 29 

0 36 

0 53 

0 55 

0 66 

0 78 

0 78 

0 84 
100 

If 

107 

109 

112 

116 

119 

120 
115 

1 11 
106 

0 90 

0 87 

0 80 

0 76 

0 71 

0 67 

0 68 

0 53 

0 37 

0 34 

0 33 

0 33 

0 34 

0 36 

0 34 
0 28 
0 22 
0 22 
0 29 
0 38 
0 48 
0 56 
0 74 
0 81 
0 88 
0 99 
100 

± 00 
+ 49 
+ 65 
+ 01 
+ 30 
+ 29 
+ 06 
-15 
- 81 
+ 11 

- 38 

- 47 
-14 4 

- 59 
+ 31 
_ 30 
+ 06 
+ 15 
+ 49 
+ 31 
+ 44 
+ 64 
+ 33 
+ 09 

- 43 

- 06 
-416 
+ 31 
- 16 
- 02 
- 10 

- 04 

- 06 

- 09 

- 36 
+ 07 

+018 
+0 32 
+0 39 
+0 01 
+0 21 
+0 01 
+0 09 
+0 02 
+010 
+010 
-0 07 
+019 
+0 09 
-010 

+0 06 
+0 08 
-0 04 
-0 03 
-0 06 
-0 05 
-0 01 
-0 01 
+0 03 
+0 09 
+0 06 
±0 00 
-0 02 
+0 05 
-0 01 
-0 09 
-0 03 
-0 10 
-015 
±0 00 

2 

2 

2-1 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

3 

1 

1 

1 

3 

3 

6 

2 

8 

3 

4 

6 

7 

7-4 

2 

9 

6-6 

3 

4 

7 

2 

4 

3 

0 Stiuve 

Madler 

Madler 

0 Struve 1 , Dawes 1 

Madler 

0 Struve 

0 Stiuve 

0 Stiuve 

0 Struve 

Demloowski 

Dembowski 

Dembowski 

0 Struve 

Dun^r 

Dembowski 

Dembowski 

0 Stiuve 

0 Stiuve 1, Dembowski 2 
Dembowski 

Dembowski 

Buinham 

Hall 4 , Schiapaielli 4 

Hall 

Schiaparelli 

Schiapaielli 

Perrotin 2 , Schiaparelli 5 
Englemann 

Schiaparelli 

Hall 3 , Schiaparelli 6 

0 Stiuve 0-1 , Schiapaielli 5 
Schiaparelli 

Hall 3 , Schiapaielli 1 

Collins 1, Bigouidan2, Com 4 
Bigouidan 1 , Comstock 1 
Comstock 3 , Schiapaielli 1 

See 2 , Moulton 1 


The table of computed and observed places shows that these elements arc 
extremely satisfactory. Future observations are not likely to vary the period 
given above by more than one year, while an error of ±0.02 in the eccentric- 
ity IS highly improbable In spite of the 'accuracy of the present elements some 
improvement will ultimately be desirable, and hence astronomers should con- 
tinue to give this interestmg system regular attention The star will be easy 
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V 

for a number of years, and observers with small telescopes will find it an 
important object for measurement. 

The following is a short ephemeris. 


t 

6c 

Pc 

t 

6c 

Pc 


O 

n 


0 

c 

1896 60 

178 9 

103 

1899 50 

183 3 

113 

1897 50 

180 6 

1 07 

1900 60 

184 7 

116 

1898 50 

182 0 

1 10 





rCORONAE BOEEALIS = S 1967. 

a = IS" 38“ 6,8 = +26® 36'. 

4, yellow , 7, blue 

Ducoaeied hy W%llmm Struve %n 1826 


Observations 


t 

6o 

Pc 

n 

Observers 

t 

6o 

Po 

n 

Observers 

1826 76 

110 0 

072 

2 

Stiuve 

1848 39 

2970 

0 39 

4 

Madler 


110 7 

0 64 


Struve 

1848 49 

292 8 

04± 

3 

Bond 

1828 98 

3 

0 60 

3 

102 7 

04± 

Struve 

1849 63 

289 4 

0 Struve 

1832 21 

3 


1333.34 

1068 

0 4± 


Struve 

1860 69 

289 9 

0.63 

3 

Madler 

2 



1836 46 

simplex 


3 

Struve 

1861 33 

292 6 

03± 

1 

Madler 

— 

1861 60 

287 6 

0 48 

4 

0 Struve 

1836 52 

338? 

obi ? 

4 

Struve 

1862 07 

2861 

0 57± 

4 

Dawes 

1840 61 

252 cuneifoime 

1 

W Struve 

1862 58 

296 4 

0 46 

7-6 

Madler 

1840 78 

255 ouneifoime 

4 

0 Struve 

1863 01 

287 9 

0 46 

6 

Oc Struve 

1841 50 

332 3 

018 

10-4 

Madler 

1863 20 

294 3 

06 

2 

Jacob 






1863 32 

284 6 

0 40 

4-3 

Madler 

1842 49 

314 3 

0 20 

4-1 

Madler 

1864 40 

284 3 

0 69 

2 

Dawes 

1842 80 

272 0 

0 47 

2 

Madler 

1864 76 

2911 

04± 

1 

Madler 

1843 30 

292 5 

0 41 

3 

0 Struve 

1866 60 

semplice 

— 

— 

Secclu 

1843 46 

288 9 

0 6± 

1 

Dawes 

1866 73 

292 4 

— 

1 

Madler 

1843 48 

276 6 

0 39 

9-2 

Midler 

1866 37 

296 4 

0 67 

3 

Winneoke 

1844 37 

286 2’ 

, , , 

1 

Madler 

1866 69 

288 9 

0 46 

8-7 

Secohi 






1856 62 

283 8 

0.47 

6 

0 Struve 

1845 37 

2921 

0 46 

9 

Madler 

1867 39 





1846 61 

296 0 

0 44 

6 

0 Struve 

286 6 

0 32 

2 

Madler 

1845 57 

292 7 

0 43 

9-8 

Madler I 

1867 62 

2810 

0 6±' 

1 

Dawes 




1857 62 

289 3 

0.36 

6 

Seccbi 

1846 56 

294 2 

0 45 

11 

Madler 

1868 61 

2810 

cuneo 

3 

Dembowski 

1847 29 

292 6 

0 44 

6 

0 Struve 

1868 67 

2841 

0 33 

4-3 

Madler 

1847 43 

2961 

0 36 

11-9 

Madler 

1868 97 

284 7 

0 46 

6 

0 Struve 
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y COEONAB BOEBALIS = ^1967 


t 

Be 

po 

n 

Observers 

1869 36 

282°6 

0 45 ± 

1 

Dawes 

1869 38 

290 4 

obi 

3 

Madlei 

1861 69 

287 7 

0 42 

3 

0 Struve 

1862 56 

292 9 

cuneo 

3 

Dembowski 

1862 91 

227 doubtful 

1 

Madlei 

1863 25 

semplice 

— 

1 

Dembowski 

1863 64 

290 5 

0 41 

3 

0 Stiuve 

1865 6 

semplice 

— 

4 

Secclii 

1865 26 

semplice 

— 

1 

Dembowski 

1865 50 

280 <0 5 

1 

Englemann 

1865 63 

einfacli 

— 

1 

Englemann 

1866 30 

2012 



4 

Haivaid 

1866 61 

205 3 

— 

1 

Winloek 

1866 62 

286 0 

0 43 

2 

0 Stiuve 

1867 75 

simple 

— 

10 

Dun^r 

1868 02 

260 2 

0 36 

2 

0 Struve 

1868 72 

252 cuueiforme 

- 

0 Stiuve 

1869 36 

280 4 

— 

1 

Leyton Obs 

1872 45 

190^ 

— 

1 

W & S 

1873 38 

195^ 

— 

1 

IV & s 

1874 

simple 

— 

- 

0 stiuve 

1874 56 

166 9 

— 

1 

Leyton Obs 

1876 40 

single 

— 

1 

Hall 

1875 41 

165 4 

— 

1 

Leyton Obs 

1876 32 

simple 

— 

1 

Elammaiion 

1876 

single 

— 

1 

Dobeick 

187645 

single 

— 

1 

Hall 

1876 81 

simple 

— 

- 

Scliiaparelli 

1877 54 

163 3 

0 44 

2 

0 Stiuve 

1878 60 

150 7 

0 66 

2 

0 Struve 

1879 56 

single 

— 

2 

Hall 

1879 81 

single 

— 

5 

Burnkam 


t 

6o 

Po 

n 

Observers 

1883 53 

14:26 

o'l6± 

3 

Perrotm 

1883 67 

1291 

0 41 

5 

Schiapaielli 

1883 60* 

149 3 

0 58 

1 

0 Struve 

1883 64 

146 9 

0 20 

8 

Englemann 

1884 52 

125 cuneifoime 

, 2 

Peirotiii 

1884 53 

305 6 

0 34 

1 

Peiiotm 

1884 63 

132 4 

0 34 

6 

Schiapaielli 

1884 61 

166 8 

0 28 

6 

Englemann 

1885 48 

loimd 

— 

1 

Smitli 

1885 64 

134 3 

0 35 

3 

Schiapaielli 

1885 63 

164 6 

0 38 

10-6 

Englemann 

1886 61 

1291 

0 38 

6 

Schiaparelli 

1886 69 

159 9? 

0 93’ 

8 

Englemann 

1887 51 

126 6 

0 38 

13 

Schiapaielli 

1887 65 

round 

— 

1 

Smith 

1888 66 

124 3 

0 40 

16-15 

Schiapaielli 

1888 61 

132 0 

0 86 

2 

0 Struve 

1889 42 

109 2 



1 

Hodges 

1889 52 

122 4 

0 41 

4 

Schiapaielli 

1890 68 

1241 

0 61 

1 

Bigourdan 

1891 50 

120 0 

06± 

1 

See 

1891 51 

122 6 

0 42 

4 

Schiapaielli 

1891 61 

125 6 

0 36 

4 

Hall 

1891 68 

118 8 

0 51 

1 

Bigouidan 

1892 44 

122 3 

083± 

1 

H 0 Wilson 

1892 44 

1211 

0 69 

1 

Bigouidan 

1892 60 

122 8 

047 

7 

Schiaparelli 

1892 72 

1219 

0 40 

3 

Comstock 

1893 49 

120 0 

0 62 

2 

Schiaparelli 

1893 50 

118 4 

0 65 

2 

Bigourdan 

1894 48 

119 7 

0 63 

2 

Schiapaielli 

1894 60 

1213 

0 60 

6-4 

Barnaid 

1896 30 

114 8 

0 67 

3 

See 

1895 56 

1171 

0 43 

3 

Comstock 

1895 61 

123 7 

0 64 

4 

Barnaid 


The components of this remaikable system are of the 4th and 7th magni- 
tudes, and of yellow and bluish colois respectively, so that the object is 
generally very difficult Stetjvb happened to discover* the companion near the 
time of its maximum elongation, when the polar coordinates wei e 6 = 111 0, 


* Astronomicdl Journal^ 376 
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p = 0" 72. Measures in 1828, 1831 and 1833, showed that both angles and 
distances weie steadily decreasing, and in 1835 the star appeared single under 
the best seeing. The companion was not again recognized with certainty until 
1842, although Struve, O. Struve and Madler searched for it lepeatedly 
during the intervening period, and occasionally suspected an elongation But the 
discordance in the angles of the supposed elongations justify the belief that 
the phenomena observed were probably nothing more than points of diffraction 
fringes, or some other kind of spurious images. Mauler’s observation of 332° 3 
and 0''.18 at the epoch 1841 50 may be genuine, although at this time the star 
must have been excessively close The binary character of the pair was early 
recognized by Struve, who pointed out the particular interest attaching to the 
system on account of its high inclination, y Coronae JSoreaUs has since been 
measured by many of the best observers, and yet the stars are so unequal and 
so close that the eirors of observation assume formidable proportions, and 
render a satisfactory determination of the elements very difficult The great 
inclination of the orbit throws nearly all the position-angles into small regions 
•of about 10° on either side, and while the retrograde motion ought to make 
all angles steadily decrease, we are sometimes confounded by an appearance of 
direct motion (as from 1859 to 1863) which proves the existence of sensible 
systematic errors, probably due to the placing of the micrometer wires parallel 
to the edges of unequal images. 

It is equally confusing to find that instead of a steady increase and de- 
crease in the distance, nearly all of the distances are in the immediate neigh- 
borhood of 0".4, such measures are of course misleading, as the companion 
cannot be standing still at a constant angle and distance. “While, therefore, it 
is clear that the elements can not lay claim to such accuracy as could be de- 
sired, it will yet appear that they are good and even excellent for observations 
which are so badly vitiated by accidental and systematic errors 

It is obvious that in case of a system whose orbit plane lies nearly in the 
line of vision, the angles will be practically useless unless measured with the 
greatest accuracy , yet, in this instance, even when the pair is fairly wide? we 
frequently find the angles of individual observeis differing by so much as 10°, 
and when the stars are close the uncertainty in angle will amount to at least 
twice this quantity. On account of such conspicuous errors in angle we have 
based the present orbit largely upon the distances. 

Doberok and Oeloria are the only astronomers who have previously 
attempted an orbit for this pair. 
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y OOEOlSrAE BOEBALIS = ^1967 


p 

T 

e 

a 

Q. 


1 

Anthonty 

Source 

yrs 

95 60 

95 6 

85 276 

1843 7 
1843 70 
1840 508 

0 387 

0 350 

0 3483 

tt 

0 75 

0 70 

0 631 

1110 
110 4 
113 47 

83°0 

85 2 

81 67 

239°0 
233 5 
250*7 

Doberck, 1877 
Dobeick, 1877 
Celoria, 1889 

A17, Bd, 88 

A K, 2123 

AN, 2904 


Prom an mrestigation of the best observations "we find the following ele- 
ments . ' 


Apparent orbit 


P = 73 0 yeais 
T = 1841 0 
e = 0 482 
a = 0" 7357 

Lengtli of major axis 
Length, of minor axis 
Angle of major axis 
Angle of periastron 
Distance of star from 


= 110" 7 
i = 82" 63 
X = 97" 95 
n = -4" 9315 


= r'30 
= 0" 175 
= 111" 3 
= 329" 6 
centre = O'' 068 


The accompanying table shows the agreement of the above elements with 
the mean places. 


CoMPAEisoN OP Computed with Obseeved Peaces 


t 

do 

Be 

Po 

Pc 

Oo 

-6o 

po — Pc 

n 

Observers 

1826 76 

111°0 

114°6 

0 72 

If 

0 70 



O 

36 

+0 02 

2 

Stiiive 

1828 98 

110 7 

113 6 

0 64 

0 69 



28 

-0 15 

3 

Stiuve 

1831 68 

109 3 

111 2 

04± 

0 63 



19 

-0 23 + 

1 

Struve 

1833 34 

105 8 

110 0 

04± 

0 67 



42 

-017 + 

2 

Stiuve 

1836 46 

Simplex 

107 4 

— 

0 44 


— 

— 

3 

Struve 

1836 52 

oblong? 

105 5 

— 

0 37 


— 

— 

4 

Stiuve 

1840 78 

75 

961 

cune 

016 

-201 

— 

4 

0 Struve 

1841 60 

332 3 

314 8 

0 18 

010 

+17 5 

+0 08 

10-4 

Madler 

1842 64 

300 4 

3019 

0 33 

0 21 



15 

+012 

6-3 

Madler 

1843 30 

292 5 

298 6 

0 41 

0 28 



61 

+013 

3 

0 Stiuve 

1844 37 

286 29 

295 6 

— 

0 37 



93 



1 

Madler 

1845 61 

296 0 

2931 

044 

0 45 


29 

-0 01 

6 

0 Struve 

1847 36 

293 8 

290 8 

0 40 

0 54 


30 

-0 14 

16-14 

0 Struve 5 , Madlei 11-9 

1848 44 

294 9 

289 7 

04 

0 57 

+ 

62 

-017 

7 

Ma 4 , W d & G P Bond 3 

1849 63 

289 9 

288 6 

0 60 

0 68 

+ 

13 

-0 08 

3 

0 Stiuve 

1850 69 

289 9 

287 7 

0 63 

0 69 

+ 

22 

-0 06 

3 

Madlei 

186150 

287 6 

287 0 

048 

0 60 

+ 

06 

-012 

4 

0 Stiuve 

1852 07 

2851 

286 6 

0 57± 

0 60 



14 

-0 03 + 

4 

Da^res 

1863 17 

286 2 

286 6 

0 46 

0 69 

+ 

06 

-014 

9-10 

OZ h, Ja 0-2, Ma 4-3 

1854 40 

284 3 

284 4 

0 69 

0 68 



01 

+011 

2 

Dawes 

1865 73 

292 4 

283 3 

— 

0 66 

+ 

91 



1 

Madler 

1866 62 

283 8 

282 4 

0 67 

0 54 


14 

+0 03 

6-9 

0 Struve 

1867 62 

2810 

2814 

0 50 

0 52 



04 

-0 02 

1 

Dawes 

1868 97 

284 7 

279 8 

0 46 

0 48 

+ 

39 

-0 02 

5 

0 Struve 

1869 36 

282 6 

279 4 

0 46 

0 47 

+ 

32 

-0 02 

1 

Dawes 

1861 69 

287 7 

276 2 

0 42 

0 41 

+116 

+0 01 

3 

0 Struve 

186273 

260 0 

274 0 

ctineo 

038 

-14 0 



4 

Dembowski , Madler 1 

1863 64 

290 6 

272 3 

0 41 

0 35 

+18 0 

+0 06 

3 

0 Struve 










y OORONAB BOREALIS = ^1967 


175 


t 

Oo 

Oc 

po 

Pc 

e<i-6c 

Po pc 

n 

Observers 

1865 50 

280° 

267°T 

O 

V 

030 

+12°3 

n 

+0 2- 

1 

Englemann 

1866 62 

286 0 

260 0 

0 43 

0 24 

+26 0 

+ 019 

2 

0 Struve 

1868 02 

260 2 

257 9 

0 36 

0 22 

+ 23 

+0 14 

2 

0 Struve 

1872 91 

192 6 

209 0 



013 

-16 5 



2 

Wilson & Seabioke 

1874 56 

166 9 

184 8 

— 

014 

-17 9 

— 

1 

l/eyton Obseiveis 

1875 41 

165 4 

176 3 

— 

014 

- 99 



1 

Leyton Obseiveis 

1877 54 

163 3 

156 3 

0 44 

018 

+ 70 

+ 0 26 

2 

0 Struve 

1878 60 

160 7 

147 0 

0 66 

0 22 

+ 37 

+0 34 

2 

0 Stiuve 

1883 57 

1291 

130 3 

0 41 

0 36 

- 12 

+ 0 05 

6 

Schiaparelli 

1884.53 

127 6 

128 0 

0 33 

0 41 

- 04 

-0 08 

9-13 

Per 3-1, Sch 6, En 0-6 
Schiaparelli 

1885 64 

134 3 

126 8 

0 35 

043 

+ 75 

-0 08 

3 

1886 61 

1291 

126 3 

0 38 

0 46 

+ 38 

-0 08 

6 

Schiaparelli 

1887 61 

126 6 

124 2 

0 38 

0 48 

+ 24 

-010 

13 

Schiaparelli 

1888 66 

124 3 

123 0 

0 40 

0 52 

+ 13 

-012 

16-16 

Schiaparelli 

1889 50 

119 8 

122 0 

0 41 

0 64 

- 22 

-013 

6-4 

Hodges 1-0 , Schiaparelli 4 

1890 68 

1241 

1211 

0 51 

0 67 

+ 30 

-0 06 

1 

Bigourdan 

1891 52 

121 7 

120 2 

0 45 

0 69 

+ 15 

-014 

10 

See 1 , Sch 4 , Hill 4 , Big 1 

1892 55 

122 0 

119 4 

0 60 

0 62 

+ 26 

-0 02 

12 

H C Wilson 1; Sch 7, Com 3 
Bigourdan 2 , Schiaparelli 0-2 

1893 60 

118 4 

118 7 

0 58 

0 64 

- 03 

-0 06 

2-4 

1894 54 

120 4 

117 9 

0 67 

0 66 

+ 25 

-0 09 

6 

Schiapaielli 2 , Barnard 4 

1896 42 

116 0 

117 3 

0 69 

0 67 

- 13 

+ 0 02 

6-3 

See 3 , Comstock 3-0 


The following is a short ephemeris . 


t 

6c 

Pc 

t 

6c 

Pc 

1896 50 

116°6 

0’09 

1899 60 

1U3 

070 

1897 60 

116 0 

0 69 

1900 60 

1141 

0 70 

1898 60 

116 3 

0 70 

m 




According to this orbit previons investigators have materially overestimated 
the period While the time of revolution must at present remain slightly un- 
certain, it does not seem at all probable that this element can surpass 76 years. 
It follows, therefore, that y Coronae BoreaUs belongs to the class of unequal 
binaries with moderately short periods. The inclination and line of nodes here 
obtained will probably be nearly correct, while the eccentricity is not likely to 
be varied by so much as ±0 05. 

Kecent distances have been appreciably undermeasured by several observers ; 
the separation of the components is now about 0".68, and will not change 
sensibly for several years, y Coronae Boredks needs further observation, and 
astronomers should continue to give it regular attention; but owing to the 
peculiar shape of the apparent orbit great care must be exercised to avoid 
systematic errors, if the measures are to be of much value in effecting a fur- 
ther improvement of the elements. 
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i SOOEPn = 2:1998 


^SC0mi = S1998. 

a = 1B» 5S'" 9,8 = — ll® 5' 
6, yellov , 5 2, yellow 


Discov&ted hy Sir Wdliam Heischel, Septeinhe'i 9, 1781 


Observations 


t 

6 o Pa 

n 

Observers 

t 

Oo 

Po 

n 

Observers 

1782 3G 

o a 

188 0 — 

1 

Heischel 

1846 17 

23°2 

100 

3-1 

Jacob 





1846 47 

241 

0 97 

9-8 

Mitchell 

1826 47 

366 3 1 16 

3 

Stiiive 










1847 68 

26 0 

1 71 

1 

Mitchell 

1828 48 

10 — 

1 

Heischel 










1848 54 

30 6 

119 

3 

Dawes 

1830 25 

14 146 

4-3 

Herschel 

1848 64 

27 2 

0 84 

1 

Mitchell 

1831 38 

9 4 132 

2-1 

Heischel 

1853 63 

46 3 


1 

Dawes 

1831 48 

3 5 121 

1 

Stiuve 










1866 36 

48 2 



4 

Dembowski 

1832 62 

4 8 124 

1 

Struve 

1866 53 

531 

0 46 

3 

Secchi 

1833 37 

5 0 119 

1 

Struve 

1856 20 

65 6 

0 63 

3 

Jacob 

1833 39 

6 2 116 

1 

Dawes 

1866 41 

681 


4 

Dembowski 

1834 46 

8 3 124 

2-1 

Herschel 

1856 49 

703 

0 36 

10^ 

Secchi 

1834 46 

6 7 124 

1 

Stiuve 

1866 58 

69 8 

047 

1 

0 Struve 

1834 60 

71 117 

4 

Dawes 

1866 65 

69 6 

— 

2 

Winuecke 

1834 61 

14 § — 

3 

Madlei 

1867 68 

814 

0 50 

1 

Jacob 

1835 39 

10 6 1 58 

6-1 

Heischel 

1868 13 

79 4 

0 40 

1 

Jacob 

1835 48 

110 — 

4 

Madlei 

1868 22 

1168 

0 30 

1 

Jacob 

1836 49 

9 6 102 

1 

Dawes 

1862 56 

137 9 

_ 

3 

Dembowski 

1836 60 

no — 

3 

Madler 










1863 44 

1421 



9 

Dembowski 

1837 33 

114 — 

1 

Herschel 










1864 46 

147 8 

0 21 

4 

Secchi 

1839 61 

16 7 1 28 

2 

Dawes 

1864 51 

150 9 

— 

10 

Dembowski 

1840 56 

18 6 1 19 

3 

Dawes 

1865 44 

1514 

_ 

10 

Dembowski 

1840 67 

172 0 96 

1 

0 Struve 

1866 51 

166 5 

0 35 

7 

Secchi 

1841 48 

16 7 1 28 

4-3 

Madler 

1865 66 

166 9 

0 49 

7 

Englemann 

1841 67 

20 8 0 84 

1 

0 Struve 

1866 46 

166 6 

0 53 

8-3 

Dembowski 

1841 58 

19 0 1 20 

3-2 

Dawes 

1866 52 

1610 

0 40 

2-1 

Secchi 

1841 61 

17 7 1 30 

2-1 

Kaiser 

1867 45 

160 7 

0 83 

7-4 

Dembowski 

1842 42 

204 106 

4-2 

Madler 

1868 40 

166 0 

0 90 

7-4 

Dembowski 

1842 46 

216 — 

2 

Dawes 

186848 

166 6 

0 99 

1 

Eluott 

1842 63 

210 — 

1 

Kaiser 










1869 51 

172 6 

0 83 

6 

Dun^r 

1843 40 

23 6 1 09 

2 

Dawes 

1869 52 

168 2 

0 88 

6 

Dembowski 

1843 40 

238 116 

6-4 

Madler 

1870 21 

168 2 


1 

GledhiU 

1843 62 

20 8 1 20 

11-1 

Kaiser 

1870 39 

169 8 

0 89 

7-6 

Dembowski 

1844 40 

23 7 1 82 

3 

Madler 

1870 64 

173 3 

0 88 

2 

Dun^r 



i SOOEPII 


i 

6o 

Po 

n 

Observers 

1871 41 

1731 

106 

7-5 

Dembowski 

1871 49 

174 0 

1 00 

1 

Gledhill 

1871 60 

174 8 

0 88 

6 

Dun^r 

1872 45 

177 3 

0 96 

1 

W & S 

1872 46 

176 9 

112 

1 

Knott 

1872 46 

173 8 

112 

8-6 

Dembowski 

1872 50 

175 8 

110 

2 

Dei ran 

1872 63 

177 4 

0 96 

3 

Dun^r 

187336 

180 4 

104 

1 

W & S 

1873 36 

176 8 

1 19 

5-3 

Dembowski 

1873 68 

176 6 

110 

1 

Gledhill 

1874 44 

1831 

119 

1 

W S 

1874 49 

178 7 

106 

5 

Dembowski 

1875 44 

180 6 

110 

5 

Dembowski 

1876 61 

182 0 

1 18 

5 

Seliiaparelli 

1876 51 

180 0 

133 

1 

W & S 

1875 56 

180 9 

0 96 

4 

Dun^i 

1876 44 

185 6 

104 

1 

Howe 

1876 45 

1818 

1 21 

6 

Dembowski 

1876 62 

183 9 

1 14 

3 

Hall 

1876 52 

183 6 

118 

4 

Schiaparelli 

1876 64 

182 6 

100± 

1 

Plummer 

1876 61 

186 6 

— 

3 

Doberck 

1877 43 

179 5 

0 97 

2-1 

Doberok 

187748 

183 8 

120 

6 

Dembowski 

1877.43 

1841 

161 

1 

Upton 

1877 46 

184 9 

127 

1 

W & S 

1877 47 

187 0 

112 

4-1 

Howe 

1877 66 

184 0 

126 

9 

Schiaparelli 

1877 65 

182 6 

127 

3 

Jedrzejewicz 

1878 46 

186 2 

122 

5-4 

Dembowski 

1878 64 

1861 

131 

6 

Schiapaielli 

1879 41 

189,2 

122 

5 

Howe 

1879 42 

186 7 

144 

3 

Stone 

1879 47 

187 6 

146 

3 

Egbert 

1879 64 

189 8 

107 

3 

Hall 

1879 56 

186 8 

129 

7 

Schiaparelli 

1879 58 

186 6 

147 

2 

C W Pr < 

1879 60 

188 8 

116 

3 

Burnham 

1879 67 

194 5 

0 70 

3-1 

Sea & Smith 

1880 36 

188 8 

112 

2 

Egbert 

1880 40 

189 7 

117 

4-2 

Doberck 

1880 52 

185 7 

1 13 

1 

Ensby 

1880 54 

189 0 

124 

6 

Schiaparelli 

1880 87 

189 6 

110 

3 

H S Pr, 

1881 24 

1913 

103 

1 

Doberck 

1881 40 

190 8 

121 

2-1 

Bigourdan 


= ^1998 177 


t 

^0 

Po 

n 

Observeis 

1882 27 

193 Q 

tr 

119 

1 

Dobeick 

1882 43 

196 7 

144 

1 

Engleinann 

1882 46 

192 7 

112 

3 

Hall 

1882 54 

1918 

1 31 

5 

Schiapaielli 

1882 59 

1921 

135 

3 

Ensby 

1883 45 

191 0 

133 

4 

Ensby 

1883 61 

193 9 

138 

2 

Hall 

1883 49 

195 3 

— 

1 

Ktistner 

1883 49 

196 5 

1 20 

3 

Eiiglemanii 

1883 62 

1915 

1 16 

3 

Perrotin 

1883 65 

193 6 

124 

12 

Schiaparelli 

1884 38 

195 8 

134 

4-3 

H C Wilson 

1884 44 

195 6 

146 

3 

Engleinann 

1884 50 

194 6 

128 

5 

Hall 

1884 53 

1951 

127 

3 

Perrotin 

1884 54 

196 6 

141 

1 

H S Pi 

1884 64 

196 0 

126 

9 

Schiaparelli 

1886 63 

196 2 

1 34 

8 

Schiaparelli 

1885 67 

198 1 

138 

5 

Engleinann 

1886 36 

197 4 

1 19 

1 

H.C Wilson 

1886 46 

197 6 

124 

2 

Perrotin 

188649 

198.6 

1.64 

2—1 

Smith 

1886.61 

198.1 

129 

3, 

Tarrant 

1886 66 

198.0 

107 

3 

Hall 

1886 63 

198 9 

1 07 

7 

Engleinann 

1886 65 

197 2 

1 19 

3 

Schiapaielli 

1887 64 

199 6 

116 

9 

Schiaparelli 

1888 60 

200 4 

124 

2 

Lv 

1888 56 

200 6 

0 96 

2 

Hall 

1888 67 

2019 

1 14 

7 

Schiaparelli 

1889 43 

197 6 

120 

2 

Hodges 

1890 39 

206 2 

— 

2 

Glasenapp 

1891 46 

200 6 

127 

2 

Collins 

1891 48 

208 7 

2 87 

1 

See 

1892 53 

208 0 

123 

3 

Maw 

1892 68 

206 6 

0 82 

4 

Comstock 

1893 46 

2111 

101 

2 

Burnham 

1893 49 

209 6 

110 

1 

Schiaparelli 

1893 61 

210 9 

0 89 

2 

Lv 

1893 60 

209 7 

107 

6 

Bigourdan 

1894,69 

207 6 

10± 

2-1 

Glasenapp 

1896 31 

210 3 

104 

3 

See 

1896 41 

213 9 

0 91 

2 

Schiaparelli 

1896 53 

213 4 

0 81 

3 

Comstock 
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^ SOOEPII = ^1998 


This bright star has been observed with considerable regularity since the 
tune of Struve, and much material is now available for the investigation of 
its orbit But while the measures are numerous, the considerable southern 
declination of the object renders them rather difficult, especially for European 
observers, and hence there is reason to suppose that the results are not free from 
systematic errors. In the investigation of the orbit we have adopted the usual 
method, depending on both angles and distances, and, as in case of ^ Canen, 
have neglected the influence of the third star This piocediire has been 
adopted by Dr. Schorr in his Dissertation on the motion of this system, and 
IS fully justified by the rough and somewhat unsatisfactory state of the meas- 
ures, which will not yet permit any very fine » determination of the elements. 
Several computers have previously worked on the motion of this system; the 
following list of orbits is believed to be fairly complete. 


p 

T 

e 

a 

a 

1 

7i 

Authority 

Source 

10r622 

49 048 
95 90 
105 195 

1832 611 
1860 59 
1859 62 
1862 32 

0 0768 
0122 

1287 

1749 

126 

1 3093 

O 

4 76 
112 7 
12 25 
10 46 

70°22 
70 02 
68 7 
67 64 

o 

78 57 
89 27 
102 63 

Madler, 1846 
Thiele, 1859 
Doberck, 1877 
Schoir 1889 

Air, 1199 

AN, 2121 
Dissertation, Munich 


We find the following elements 

F = 104 0 years 

T = 1864 60 % 

e = 0 131 X 

a = 1" 3612 n 

Apparent orbit: 

Length of major axis 
Length of minor axis 
Angle of major axis 
Angle of periastron 
Distance of stai from centre 


= 9°5 
= 70° 3 
= 111° 6 
= +3° 4616 

= 2" 696 
= 0" 884 
= 9°6 
= 150° 2 
= 0" 086 


The table of computed and observed places shows a very satisfactory 
agreement, and we may conclude that no very consideiahle alteration is likely 
to be made in these elements. But the orbit is so nearly eirculai and so highly 
inclined that the defimtion of X is not very exact, and m case of this element 
a larger alteration may be found necessary, when the matenal shall be suffi- 
cient for a definitive determination. 

The small eccentricity of this orbit is rather remarkable Among known 
binaries there are very few which have such circular orbits, 8 Eguuleii ^ 2173 
and iiHerculis being the prmcipal objects of this kind, and as most of these 
orbits are highly inclined, there is still some unceitainty attaching to the eccen- 
tricity. It will be necessary to have more exact observations of these stars in 
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critical parte of their orbits before this element can be defined with the desired 
precision 

COMPAEISOH" OF COMPUTED WITH ObSEBVBD PlACBS 


t 

0. 

Oc 

Po 

Po 


Po—Pc 

n 

Observers 

1782 36 

188°0 

197°2 

1/ 

ff 

0 

-9 2 

ff 

1 

Herschel 

1825 47 

356 3 

357 2 

116 

128 

-19 

-013 

3 

Stnive 

1830 26 

14 

27 

146 

139 

-13 

+0 07 

4-3 

Heischel 

1831 48 

35 

40 

121 

140 

-0 5 

-019 

1 

Struve 

1832 62 

48 

62 

124 

141 

-0 4 

-017 

1 

Stnive 

1833 38 

66 

61 

1 17 

141 

-0 5 

-0 24 

2 

Stiuve 1 , Dawes 1 

1834 47 

74 

73 

122 

142 

+01 

-0 20 

7-6 

Herscliel 2-1 , ^ 1 , Dawes 4 

1836 39 

10 6 

83 

1 68 

142 

+2 3 

+016 

6-1 

Herschel 

1836 60 

10 3 

97 

102 

140 

+0 6 

-0 38 

4-1 

Dawes 1 , Madlei 3-0 

1839 61 

16 7 

13 0 

128 

135 

+3 7 

-0 07 

2 

Dawes 

1840 67 

17 9 

14 0 

108 

133 

+3 9 

-0 26 

4 

Dawes 3 , 1 

1841 66 

18 5 

15 7 

1 15 

129 

+2 8 

-014 

10-7 

Madler 4-3 , 0^ 1 , Dawes 3-2 , Kaiser 2-1 

1842 42 

20 4 

161 

1 05 

128 

+4 3 

-0 23 

4-2 

Madlei 4-2 

1843 47 

22 7 

18 0 

1 15 

122 

+4 7 

-0 07 

19-7 

Dawes 2 , Madler 6-4 , Kaiser 11-1 

1845 36 

23 7 

20 7 

140 

114 

+3 0 

+0 26 

15-12 

Madlei 3, Jacob 3-1 , Mitcliell 9-8 

1847 68 

26 0 

24 7 

1 71 

102 

+ 13 

+ 0 69 

1 

Mitchell 

1848 54 

28 9 

2()6 

1 01 

0 96 

+ 2 3 

+ 0 05 

4 

Dawes 3 , Mitchell 1 

1856 44 

50 6 

53 6 

0 46 

0 54 

-2 9 

-0 08 

7-3 

Dembowski 4-0 , Secchi 3 

1856 46 

64 7 

01 2 

0 49 

0 50 

+ 35 

-0 01 

20-12 

Jacobs, Pern 4-0; Sec 10-8, Oj: 1, Winn 2-0 

1857 68 

814 

72 8 

0 50 

0 43 

+ 80 

+ 0 07 

1 

Jacob 

1858 13 

79 4 

78 5 

0 40 

0 42 

+0 9 

-0 02 

1 

Jacob 

1864 48 

149 3 

144 8 

0 21 

0 52 

+4 6 

-0 31 

14-4 

Secchi 4, Dembowski 10-0 

1866 60 

163 4 

1644 

0 42 

0 60 

-01 

-018 

17-14 

Dembowski 10-0 , Secchi 7 j Englemann 7 

1866 49 

168 8 

169 3 

0 46 

0.66 

-0.6 

-0 20 

10-4 

Dembowski 8-3 ^ Secchi 2-1 

1867.46 

160 7 

163.4 

0.83 

0 72 

-2 7 

+0.11 

7^ 

Dembowski 

1868 44 

166 7 

166 9 

0 94 

0 78 

-12 

+016 

8-6 

Dembowski 7-4 , Knott 1 

1869 61 

170 3 

170 2 

0 86 

0 83 

+01 

+0 02 

11 

Dun^r 6 , Dembowski 5 

1870 46 

1716 

172 6 

0 89 

0.90 

-1 0 

-0 01 

9-7 

Dembowski 7-5 , Dun^r 2 

1871 60 

174»0 

174 9 

0 98 

0 96 

-0 9 

+0 02 

18-11 

Dembowski 7-5 , G-ledhill 1 , Dun^r 5 

1872 48 

176 2 

1771 

105 

0 02 

-0 9 

+0 03 

16-12 

W & S 1, Kn 1, Dem 8-5, Fer 2; Du 3 

1873 47 

177 9 

179 0 

111 

106 

-1 1 

+0 05 

7-6 

W & S 1 , Dembowski 5-3 , Gledhill 1 

1874 46 

180 9 

180 8 

1 12 

111 

+01 

+0 01 

6 

W & S 1 , Dembowski 5 

1876 50 

1811 

182 4 

1 12 

115 

-13 

-0 03 

16 

^ Dembowski 5 , Schiapatelli 5 , W & S 1, Dun^r4 

1876 51 

184 0 

184 0 

1 11 

119 

±00 

-0 08 

18-16 

Howel , Dem 6 , HI 3, Sch 4, PI 1 , Dk 3 [Jed 3 

1877 47 

184 3 

185.4 

124 

122 

-1 1 

+0 02 

23-21 

Dk,2-1, Dem 5, TJpton 1, W & 8 1, Howe 4-1 , Sch 9 , 

1878 60 

1861 

186 8 

126 

124 

-0 7 

+0 02 

11-10 

Dem 6-4, Sch 6 [/? 3, Sea & S 3-1 

Howe 5 , Stone 3 , Egbert 3 , Hi 3 , Sch 7 , Pr. 2 , 
Egbert2, Dk 4-2, Fnsbyl, Sch 6, Pr 3 

1879 63 

188 6 

188 2 

123 

126 

+0 4 

-0 03 

29-27 

1880 64 

189 3 

189 6 

116 

127 

-0 3 

-012 

15-14 

1881 32 

1910 

190 3 

112 

128 

+ 0 7 

-016 

3-2 

Doberck 1 , Bigourdan 2-1 

1882 46 

192 5 

1921 

124 

128 

+0 4 

-0 04 

12 

Doberckl, Hall 3, Schiaparelli 5 , Fnsby 3 

1883 50 

193 4 

193 4 

126 

129 

±00 

-0 03 

26-24 

Frisby 4, HI 2 , Ktt 1-0 j En 3, Per 3, Sch 12 

1884 49 

195 3 

194 7 

135 

128 

+0 6 

+ 0 07 

26-24 

HOW 4-3, En 3, HI 5; Per 3, Pr 1, Sch 9 

1885 56 

1971 

196 0 

1 36 

127 

+11 

+0 09 

13 

Schiaparelli 8, Englemann 5 [Sch 3 

1886 51 

198 0 

197 4 

123 

125 

+06 

-0 02 

21-20 

HOW 1, Per 2, Sm 2-1, Tar 3, Hall 3, En 7, 

1887 54 

199 6 

198 8 

116 

123 

+0 8 

-0 07 

9 

Schiaparelli 

1888 54 

2010 

200 3 

111 

121 

+ 07 

-0 10 

11 

Leavenworth 2 ; Hall 2 , Schiaparelli 7 

1889 43 

197 6 

2016 

120 

118 

-41 

+0 02 

2 

Hodges 

1890 39 

205 2 

2031 

— 

115 

+ 21 

— 

2 

G-lasenapp 

1891 47 

208 7 

204 9 

127 

111 

+38 

+016 

1-2 

Collins 0-2 , See 1-0 

1892 65 

:207 3 

206 8 

il 02 

107 

+0 6 

-0 06 

i 7 

Maw 3 , Comstock 4 

J3 2 , Schiaparelli 1 ; Leavenworth 2 , Bigourdan 5 
Glasenapp 2-1 

1893 61 

210 3 

'208 7 

102 

103 

i+16 

-0 01 

10 

1894 69 

'207 6 

i210 9 

• 1 0± 

0 99 

1 -34 

,+0 01 

2-1 

1896 42 

'213 3 

212 8 

10 93 

0 96 

; +06 

; -0 02 

! 4-6 

See 1-3 , Comstock 3 
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cr OOnONAE BOEBALI8 = 2'2032 


The following ephemeris will be useful to observers 



6c 

Pc 


6c 

Pc 


O 

It 


O 

It 

1896 60 

216 3 

0 88 

1899 50 

225 6 

0 74 

1897 60 

219 3 

0 84 

1900 60 

229 6 

0 70 

1898 60 

222 4 

0 79 





The motion will be rather slow for a good many years, but as the object 
becomes closer, about 1910, it will deserve the most careful attention 


o- COP.ONAE BOHEALIS = S2032. 

a = 161^ 11“ , 8 = +34° 7' 

6, yellow , 7, bluish 

Discovered hy Svr William Herschel, August 1, 1780 


Observations 


t 

6o 

Po 

n 

Observers 

t 

So 

Po 

n 

Observers 

1781 79 

347°5 

It 

1 

Hei schel 

1836 47 

138°5 

ff 

6--0 

Madler 

1802 69 

348 6? 



1 

Heiscliel 

1836 69 

134 7 

143 

6 

Struve 

1804 74 

114 


1 

Hei scliel 

1837 47 

136 8 

— 

1 

Dawes 



1837 66 

139 9 

142 

5 

Stiuve 

1819 62 

48 0 

— 

- 

Struve 

1838 46 

143 4 

148 

7 

Stiuve 

1821 30 

66 2 

— 

- 

Herscliel 

1839 62 

147 8 

166 



Galle 

1822 83 

715 

144 

2-1 

H &So 

1839 63 

144 3 

1 60 

1 

Dawes 

1823 47 

72 9 



— 

Herschel 

1840 67 

147 8 

166 

3 

Dawes 

1826 44 

77 6 

148 

6-3 

South 

1840 63 

149 3 

164 

4 

0 Stiuve 


1840 68 

146 2 

1 63 

1 

Struve 

1827 02 

89 3 

131 

4 

Stiuve 

1841 48 

150 3 

166 

3 

Dawes 

1828 60 

921 

— 

6 

Herschel 

1841 66 

148 8 

167 

— 

Kaisei 

1830 11 

104 9 

122 

3 

Struve 

1841 66 

162 3 

160 

7 

Madlei 

1830 28 

1061 

122 

9-6 

Herschel 

1841 60 

153 7 

1 66 

1 

0 Stiuve 

1831 36 

108 8 

138 

3-2 

Herschel 

1842 31 

166 4 

181 

4 

Madler 


1842 37 

163 3 

— 

1 

Dawes 

1832 62 

113 6 

107 

6-1 

Heischel 

1842 73 

167 6 

186 

4 

Madler 

1832 66 

116 4 

— 

3 

Dawes 

1843 46 

166 8 

186 

6 

Madlei 

1833 26 

120 0 

129 

3-2 

Herschel 

1843 47 

156 5 

177 

1 

Dawes 

1833 36 

120 6 

130 

4 

Dawes 

1843 68 

166 3 

166 

- 

Kaiser 

1834 65 

126 6 

— 

3 

Dawes 

1844 40 

160 6 

2 05 

4 

Madler 

1835 40 

134 9 

13± 

4-1 

Midler 

1844 44 

157 2 

163 

1 

Gieenwich 

1835 60 

130 5 

131 

6 

Struve 

1845 61 

1631 

2 03 

20-19 

Madler 
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t 

00 

Po 

n 

OlDservers 

t 

Bo 

Po 

n 

Observers 

1846 32 

162°8 

It 

_ 

Hmd 

1866 39 

182°8 

262 

1 

Winnecke 

1846 36 

162 4 

2 25 

— 

Jacob 

1856 42 

1819 

2 68 

6 

Dembowski 

1846 46 

1651 

2 07 

11 

Madler 

1866 43 

182 4 

2 46 

2 

Secclu 

1846 68 

168 3 

176 

2 

0 Struve 

1856 67 

179 9 

2 46 

4 

0 Stiuve 






1866 73 

1812 

2 62 

3 

Jacob 

1847 44 

166 6 

216 

14 

Madler 






1847 44 

166 0 

1 88 

2 

Dawes 

1867 39 

183 3 

2 46 

2 

Madlei 

1847 69 

169 6 

169 

1 

0 Struve 

1857 61 

183 6 

2 43 

2 

Secchi 

1847 70 

166 7 

133 

1 

Mitchell 

1857 66 

1831 

2 53 

3 

Jacob 






1867 66 

180 0 

2 62 

2 

Dembowski 

1848.41 

168 4 

2 39 

2-1 

Madler 






1848 42 

1719 

22 

1 

WpC Bond 

1868 01 

1819 

2 51 

5 

0 Struve 

1848 63 

168 6 

199 

3 

Dawes 

1858 20 

184 0 

2 67 

3 

Jacob 

1848 74 

170 8 

1 91 

1 . 

0 Stiuve 

1868 60 

184 7 

2 69 

6 

Dembowski 






1858 54 

183 6 

2 64 

7 

Madler 

1849 45 

1701 

2 09 

1 

Dawes 






1849 74 

172 3 

196 

3 

0 Stiuve 

1869 34 

184 9 

2 70 

20obs Morton 






1859 49 

185 8 

2 69 

8-6 

Madler 

1860 62 

168 9 

1 99 

3 

0 Stiuve 

1859 94 

1861 

2 62 

4 

0 Stiuve 

1850 70 

173 0 

2 23 

2 

Madler 











1860 36 

186 6 

2 71 

2 

Dawes 

1851 22 

174 4 

2 32 

43obs 

Fletcher 






1851 25 

174 6 

2 34 

6 

Miidler 

1861 66 

188 4 

2 96 

6-3 

Madler 

185142 

173 8 

2 26 

1 

Dawes 

1861 68 

187 4 

2 69 

6 

0 Struve 

1851 63 

173 4 

2 06 

6 

0 Struve 






1851 76 

176 2 

2 43 

9 

Madler 

1862 71 

190 5 

3 01 

6 

Madler 






1862 76 

1891 

2.77 

2 

0 Struve 

1862 81 

176 4 

2 88 

24-38oDflMiller 

1862 79 

189.3 

2 87 

1 

Scheumann 

1852.60 

177.6 

2.39 

12-11 

Madler 






1862 63 

173 3 

2 06 

4 

0 Struve 

1863 09 

1901 

2 76 

14 

Dembowski 






1863.60 

188 2 

2 77 

4 

0 Struve 

1863 14 

177 9 

218 

2 

Jacob 

1864 46 

190 6 

3 09 

2 

Englemann 

1853 38 

177 7 

2 46 

6 

Madler 

1864 96 

191 2 

2 79 

12 

Dembowski 

1853 63 

177 9 

2 39 

4-3 

Dawes 






1863 64 

— 

2 56 

1 

Argelander 

1866 36 

191 9 

2 94 

3 

0 Struve 

1853 64 

— 

2 47 

1 

W Struve 

1865 38 

1916 

3 08 

1 

Dawes 

185^66 

176 6 

217 

4 

0 Stiuve 

1865 64 

194 3 

2 93 

4 

Englemann 

1863 77 

178 7 

2 66 

2 

Madler 

1866 72 

189.1 

— 

1 

Leyton Obs 






1866 74 

192 6 

30 3 

1 

V Fuss 

1864 06 

177 9 

2 26 

3 

Jacob 

1866 81 

192 3 

2 98 

4 

Secchi 

1854 66 

178 6 

2 26 

3 

Dawes 






1854 66 

179 0 

2 24 

2 

0 Struve 

1866 31 

190 6 

2 82 

1 

Englemann 

1864 67 

178 6 

2 22 

20obs 

i Moiton 

1866 42 

189 2 

3 73 

2 

Leyton Obs 

1854 67 

179 8 

2 36 

6 

Dembowski 

1866 49 

189 6 

— 

2 

Wagner 

1854 70 

179 4 

2 61 

5 

Madler 

1866 49 

1913 

— 

2 

Gyld^n 






1866 49 

192 3 

— 

2 

Smysloff 

1856 19 

179 9 

2 39 

3 

Dembowski 

1866 49 

193 2 

— 

2 

Kortazzi 

1866 48 

1801 

2 43 

1 

Dawes 

1866 66 

194 6 

3 23 

3 

Winlock 

1856 64 

1816 ' 

' 2 49 

6-5 

Wiimecke 

1866 69 

193.6 

3.22 

3-2 

Searle 

1866 61 

180 8 

2 31 

, 4 

Secchi 

1866 63 

193 0 

3 00 

6' 

0 Struve 

1866 61 

1791 

2 29 

4 

0 Struve 

1866 68 

193 9 

2 86 


Kaiser 

1856 78 

1818 

2 64 

2-1 

Madler 

1866 92 

193 2 

2 88 

11 

Dembowski 
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t 

1867 30 
1867 31 
1867 34 
1867 37 

1867 72 

1868 29 

1868 58 
1868 60 
1868 61 
1868 88 

1869 67 

1869 63 

1870 66 

1870 97 

1871 41 
1871 42 
1871 64 

1871 61 

1872 29 
1872 57 

1872 96 

1873 42 
1873 56 
1873 66 
1873 68 
1873 64 
1873 54 

1873 67 

1874 44 
1874 46 
1874 61 

1874 90 

187542 

187646 

1875 50 

1875 54 

1876 66 

1876 29 
187646 
187648 
1876 61 

1876 61 

187703 

1877 33 


cr OOEONAE BOEEAIilS = if 2032 


6o 

Po 

n 

Observers 

t 

do 

Po 

n 

Obsexvers 

190'’2 

316 

1 

Searle 

1877 46 

202 2 

368 

— 

w & s 

196 0 

2 95 

1 

Wmlock 

1877 49 

2001 

349 

7 

Schiaparelli 

194 7 

30 

- 

Knott 

1877 63 

2016 

3 61 

6 

Jedrzejevncz 

1921 

30 

1 

Mam 

1877 68 

2001 

3 50 

3 

0 Stiuve 

196 6 

2 79 

1 

Dun^r 










1878 39 

202 3 

3 51 

2-1 

Burnham 

193 8 

3 62 

1 

Leyton Obs 

1878 60 

202 0 

3 51 

6 

Dembo-wski 

194 7 

2 98 

2 

0 StruYe 

1878 61 

2011 

3 39 

3-2 

Dobeick 

194 7 

314 

4 

Dundr 

1878 63 

2012 

3 53 

6 

Schiaparelli 

195 6 

— 

2 

Zollner 

1878 57 

1991 

3 62 

3 

0 Struve 

196 3 

2 99 

9 

Dembowski 

1879 46 

202 5 

3 66 

4 

Hall 

195 2 

3 60 

1 

Leyton Obs 

1879 54 

2021 

3 68 

6 

Schiaparelli 

1951 

3 06 

6 

Dundr 

1880 39 

203 0 

3 61 

1 

Burnham 

196 6 

318 

1 

Dun^r 

1880 55 

2034 

3 71 

9 

Schiapaielli 

196 8 

310 

12 

Dembo'wski 

1881 06 

200 6 

3 94 

6 

Hough 

197 9 

3 23 

2-3 

C S Peirce 

1881 46 

203 0 

3 64 

3 

Hall 

196 7 

3 30 

— 

Leyton Obs 

1881 70 

204 3 

3 56 

6 

Seabroke 

195 4 

3 23 

- 

Knott 

188243 

202 6 

3 76 

4 

Hall 

196 6 

314 

3 

Dun^r 

1882 51 

203 8 

3 79 

6 

Schiapaielli 

198 0 

3 34 


Leyton Obs 

1882 52 

2041 

3 90 

3 

0 Struve 

195 3 

3 26 

3 

0 Stiuve 

1882 65 

204 9 

— 

1 

Seabroke 

1981 

3 20 

12 

Lembowski 

1882 71 

205 7 

3 92 

4 

Jedrzejemcz 

198 4 

314 


W &S 

188326 

206 4 

3 77 

6 

Bnglemann 

200 6 

3 64 

1 

Leyton Obs 

1883 47 

204 6 

3 77 

3 

Hall 

197 6 

3 14 

2 

0 Stiuve 

1883 49 

203 2 

3 79 

4 

Peiiotin 

198 9 

34 


V/ v4. T \J 

Gledlnll 

1883 66 

204 6 

3 74 

12 

Schiapaielli 

197 3 


1 

Muller 

1883 63 

206 0 

3 99 

2 

Jeclizejewiez 

2016 

— 

1 

H Bruns 

1884 48 

206 0 

3 80 

3 

Hall 

199 6 

— 

1 

H Struve 

1884 53 

205 8 

3 86 

3 

Peirotin 

200 6 

3 66 

1 

Main 

1884 53 

202 4 

3 63 

2 

0 Stiuve 

199 2 

2 67 

2 

Leyton Obs 

1884 64 

2054 

3 76 

11 

Schiapaielli 

199 8 

3 41 

4 

0 Struve 

1886 43 

2064 

3 88 

4 

deBall 

1991 

3 28 

11 

Dembovski 

1885 43 

206 7 

3 89 

3 

Hall 

199 8 

2 56 

1 

Leyton Obs 

1885 54 

204 9 

3 94 

2 

Perrotin 

198 6 

3 34 

4 

Scbiapaielli 

1885 55 

206 8 

3 86 

9 

Schiapaielli 

200 6 

3 47 


W &S 

1885 66 

2068 

3 93 

3 

Jedizejewiez 

199 6 

3 28 

5 

Dun^r 

1886 74 

207 3 

4 09 

6 

Englemanii 

200 6 

3 74 

- 

iKobile 

1886 47 

206 6 

3 99 

6 

Periotiii 

199 3 



Dobeick 

1886 48 

206 9 

3 96 

6 

Hall 

200 0 

3 60 

3 

Hall 

1886 49 

208 0 

4 01 

4 

Tarrant 

200 6 

3 28 

- 

Gledkill 

1887 44 

206 6 

3 99 

4 

Hall 

196 3 

334 

3 

0 Struve 

1887 63 

2071 

3 78 

7 

Schiaparelli 

200 7 

3 45 

1 

Leyton Obs 










1888 44 

206 6 

3 92 

4 

Hall 

2010 

3 40 

11 

Dembowski 

1888 67 

207 4 

3 92 

8-7 

Schiaparelli 

199 6 

3 68 

- 

Doberck 

1888 62 

207 8 

3 82 

3 

Mavr 








or COEOKAB BOREALIS = -5:2032 183 


t 

00 

Po 

n 
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408 
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2 
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2 
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3 94 

1 
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2 
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1 
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3 

10 
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208.6 
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210 3 

4 23 

2 

Collins 
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4 06 

3 
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4 26 

4 
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209 4 

4 06 

2 

Schiaparelli 

1895 72 

208 9 

4 26 

3 

See 

1892 64 

209 3 

4 21 

1 

Bigouidan 







Since Hbrsohbl’s discovery of this star the companion has descrihed an 
arc* of 223°. The shape of this arc is such that it jfixes the apparent ellipse 
with considerable precision, and enables us to obtain a set of elements which 
will never be radically changed It is singular, however, that the periods here- 
tofore obtained for this star are very discordant, and in several instances more 
than double that found below Such extraordinary divergence of results may 
be explained by the lack of sulBacient curvatuie in the arc swept over by the 
companion at the time the earlier elements were derived, and by the use of in- 
judicious methods m the determination of the orbit 

In this as in most other cases the graphical method based on both angles 
and distances is superior to analytical methods, and at once enables us to* trace 
«%6e with the necessary pifecision. The following table gives a 
p nmmflr y of the elements found by previous computers who have 
worked on the motion of this interesting binary. 


P 

T 

e 

a 

n 


A 

Authority 

Source 

yra 

286 60 

1836 60 

0 6112 

3''68 

138 0 

41°26 

o 

7 3 

Hersohel, 1833 

Mem B A S.,V, p 206 

608 46 

1826 60 

0 6998 

3 92 

25 12 

29 48 

64 63 

Madler 

Dorp Obs , IX, p 182 

478 04 

1829 44 

0 6406 

3 90 

06 

38 93 

96 73 

Madler, 1847 

Fixt -Syst , I, p 240 

736 88 

1826 48 

0 7256 

6194 

21 05 

26 66 

69 4 

Hmd, 1845 

A.N , 661 

196 12 

1831 17 

0 3088 

2 72 

1 96 

46 78 

101 95 

Jacob, 1855 

MFjXV, p 180 

240 0 

1829 7 

0 3887 

2 94 

313 

451 

96 88 

Powell, 1855 

M IT , XV, p 91 

420 24 

1826 32 

0 6899 

2 386 

20 73 

40 87 

65 9 

Klmkerfaes,1866 

A.1T , 990 

843 2 

1828 91 

0,7602 

6 001 

6 72 

29 67 

89 3 

Doberck, 1875 

AN, 2037 

AN, 2103 

845 86 

1826 93 

0 7615 

5 886 

18 35 

31 37 

716 

Doberck, 1876 


Making use of all the observatidns up to 1895 we find the following ele- 


ments : 



P = 370 0 years 
T = 1821 80 
e = 0640 
a = 3" 8187 


Q, = 30»6 
i = 47° 48 
X == 47°7 
n = +9° 7297 


* Aat/ronomiache Naohnchten, 3339 
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or OOEONAB BOKBALIS = ^2032 


Appaicnt orbit 


Length of ma]oi axis = 7" 08 

Length of minor axis = 4" 71 

Angle of ma]oi axis = 42" 4 

Angle of periastion = 66" 9 

Distance of stai fioin oentie = 1" 735 


There is of course some uncertainty attaching to a period of such gicat 
length, hitt careful consideration of all possible variations of the apparent ellipse 
convinces me that the value given above is not likely to be varied by more 
than 25 yeais, and a change of twice tins amount is apparently impossible 
The eccentricity is veiy well deteimined, and a change of ±0 04 in the abovi' 
value IS not to be expected 

The distance of the components of cr Goi onae Sofealny is now so great 
that the companion will move veiy slowly for the next two centuries There- 
fore, so far as the orbit is concerned observations of the pair will be of small 
value, as very little improvement can be effected for a great many years, but 
it may still be worth while to secure careful measures of the system, with a 
view of establishing the regularity of the elliptical motion, and the absence of 
sensible disturbing influences There are no irrogiilaiities m the measures here- 
tofore seemed which are not attributable to errors of observation The table 
of computed and observed places shows an agi cement which is extremely satis- 
factory 

OOMl>ARTflON OF COMPCTTKD WITH OBSERVED PlACKS 
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6 

Dun^r 

1869 68 

200 6 

109 

8 

Dembowski 

1869 62 

2031 

106 

11 

Dun4r 

1869 74 

1961 

— 

1 

Peirce 
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t 

do 

Po 

n 

Observers 

1870 49 

190°3 

I'lO 

11 

Dembowski 

1870 69 

193 6 

121 

6 

Dun^r 

1871 42 

1811 

1 27 

14 

Dembowski 

1871 62 

179 6 

134 

1 

0 Struve 

1871 64 

183 3 

102 

6 

Knott 

1871 60 

183 7 

119 

12 

Dun^r 

1872 48 

173 9 

134 

12 

Dembowski 

1872 68 

177 2 

119 

12 

Dun^r 

1872 60 

168 8 

114 

3 

0 Struve 

1873 60 

166 9 


1 

Madler 

1873 60 

164 7 

— 

1 

Komberg 

1873 62 

169 6 

— 

2 

H Bruhns 

1873 46 

166 7 

0 98 

3-2 

W &S 

1873 62 

162 4 

139 

11 

Dembowski 

1873 62 

169 9 

123 

2 

0 Struve 

1873 64 

rotunda 

— 

1 

Perraii 

1873 70 

166 3 

140 

4 

Dun^r 

1874 63 

167 0 

136 

10 

Dembowski 

1874 67 

166 6 

0 78 

2 

Gledhill 

1874 67 

166 4 

108 

2 

W & S 

1874 62 

162 9 

140 

4 

0 Struve 

1874 66 

164 9 

135 

1 

Dun^r 

187466 

166 6 

122 

2 

Kewcomb 

1876 62 

1491 

141 

8 

Dembowski 

1876 66 

147 2 

121 

7 

Schiaparelli 

1876 67 

160 3 

— 

2 

W & S 

1876 61 

147 4 

128 

12 

Dim^r 

1876 62 

1431 

132 

2 

Hall 

187664 

1381 

117 

7 

Schiaparelli 

1876 66 

139 6 

137 

7 

Dembowski 

1876 61 

1401 

12± 

1 

Plummer 

1876 62 

148 8 

124 

4 

0 Struve 

1877 63 

133 8 

136 

8 

Dembowski 

1877 68 

130 3 

127 

8 

Schiapaielli 

1877 68 

1412 

160 

1 

Pritchett 

1877 68 

1361 

116 

3 

0 Struve 

1877 69 

134 0 

124 

2 

Hall 

1878 41 

127 0 

161 

1 

Burnham 

1878 63 

124 0 

143 

4 

Schiaparelli 

1878 63 

127 0 

129 

2-1 

Doberok 

1878 68 

126 7 

138 

7 

Dembowski 

1878 69 

128 7 

123 

8 

0 Struve 

1879 46 

122 0 

162 

3 

Burnham 

1879 46 

120 7 

1 50 

4 

Hall 

1879 68 

117 2 

138 

8 

Schiaparelli 

1879 67 

124 9 

156 

1 

Pritchett 
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t 

9o 

Po 

n 

Observers 

t 

Bo 

Po 

n 

Ob&eivers 

1880 41 

118°4 

129 

2-1 

Doberck 

1886 63 

85 8 

liS 

9 

Schiapaielli 

1880 48 

116 0 

— 

3 

Bigoiiidan 

1886 73 

88 0 

142 

9-7 

Jedizejewicz 

1880 49 

1141 

134 

5 

Buinham 

1886 76 

89 9 

178 

7 

Englemainx 

1880 58 

112 6 

138 

9 

Schiapaielli 











1887 56 

83 6 

169 

6 

Hall 

1881 23 

112 9 

143 

2 

Dobeick 

1887 66 

79 4 

155 

18 

Schiapaielli 

1881 45 

110 6 

153 

6 

Buinliam 






1881 51 

109 2 

141 

4 

Hough 

1888 61 

78 7 

152 

6 

Hall 

1881 51 

110 6 

143 

6 

Hall 

1888 67 

74 3 

1 88 

3 

Comstock 

1881 64 

1018 

141 

2 

0 Stiuve 

1888 61 

76 6 

156 

9-8 

Schiapaielli 

1881 74 

108 9 

147 

1 

Bigoiiidau 

1888 65 

74 9 

171 

3 

Maw 






1888 69 

70 9 

1 74 

1 

0 Stiuve 

1882 47 

106 0 

1 48 

2-1 

H Stiuve 






1882 47 

104 3 

1 67 

2-1 

Dobeick 

1889 46 

77 0 

100 

1 

Hodges 

1882 52 

106 3 

144 

5 

Hall 

1889 52 

72 6 

167 

6 

Schiapaielli 

1882 52 

98 7 

1 49 

4 

0 Stiuve 

1889 52 

76 2 

12± 

2-1 

Glaseuapp 

1882 60 

1015 

147 

11 

Schiapaielli 

1889 53 

72 4 

149 

6 

Hall 

1882 66 

104 9 

148 

4-3 

Jedizejewicz 

1889 56 

72 0 

167 

4 

Comstock 

1882 76 

107 0 

175 

6 

Englejnann 

1889 66 

70 2 

173 

3 

Maw 

1883 52 

99 5 

160 

4 

Peiiotin 

1890 42 

68 6 

15 

2 

Glasenapp 

1883 65 

102 4 

161 

5 

Hall 

1890 51 

68 6 

149 

6 

Hall 

1883 60 

96 6 

152 

16 

Schiapaielli 

1890 70 

66 8 

168 

3 

Maw 

1883 66 

96 4 

138 

2 

0 Stiuve 

1890 77 

64 2 

146 

6-4 

Schiapaielli 

1883 72 

102 6 

165 

5 

Englemanii 











1891 62 

64 3 

136 

6 

Hall 

1884 46 

94 9 

— 

2 

Bigouidan ’ 

1891 64 

60 4 

145 

7-4 

See 

1884 62 

94 7 

163 

4 

Hall 

1891 56 

63 3 

160 

2 

Schiapaielli 

1884 66 

941 

147 

3 

Peiiotiii 

1891 62 

62 7 

145 

5 

Bigouidan 

1884 56 

90 9 

132 

1 

Pritchett 

1891 63 

601 

140 

3 

Maw 

1884 68 

90 8 

164 

9 

Schiapaielli 

1891 64 

63 7 

138 

4 

Tail ant 

1884 68 

88 4 

167 

2 

0 Struve 






1884 70 

94 8 

195 

6-2 

Seabioke 

1892 67 

65 6 

161 

5 

Comstock 

1884 71 

98 8 

189 

3 

Englemauu 

1892 63 

66 0 

137 

8 

Schiapaielli 

1886 47 

88 6 

160 

6 

Penotm 

1893 68 

47 6 

142 

3-2 

Schiapaielli 

1886 62 

89 4 

170 

4 

Tarrant 

1893 80 

47 6 

127 

6 

Bigouidan 

1885 52 

92 0 

161 

7 

Hall 



% 



1886 62 

86 3 

167 

6 

Schiaparelli 

1894 61 

43 8 

124 

3 

Bainaid 

1886 64 

921 

169 

4 

Jedizejewicz 

1894 62 

421 

0 86 

2 

Glasenapp 

1886 71 

98 0 

182 

6-5 

Englemann. 

1894 54 

40 4 

123 

2 

Lewis 

1885 69 

90 6 

- ■ 

3 

Seabioke 

1894 73 

39 6 

128 

9-8 

Collandreau 






1894 74 

37 4 

112 

16-14 

Bigourdan 

1886 54 

88 8 

160 

6 

Hall 






1886 66 

84 6 

166 

1 

Perrotm 

1896 32 

36 7 

117 

3 

See 

188668 

86 0 

— 

3 

Seabroke 

1896 67 

30 2 

100 

4 

Comstock 


Sir ’William Heesohbl made his first moasnxe of this star, July 21, 1782, 
and found the position-angle to be 69° .3* 

In 1795 he again exanooned the object, and noted that the distance had 
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decreased, but that it was in the same quadrant as before; this appears, how- 
ever, to be a mistake, as the compamon at that time must have been in the 
opposite quadrant. It is remarkable that Heksohel could not separate the 
companion in 1802, as the angle was then 174° 6, and the distance 1".24. 

Beginning with Struve’s observation in 1826 the record is practically con- 
tinuous, and we have measures for each year, except when the companion was 
so close as to be lost m the rays of the larger star 

The periastron is so near the central star, on account of the considerable 
eccentricity and the position of the node, that the companion has never been 
seen in this part of the orbit. Accorduig to the elements found below, the 
mimmum distance is about (T.45. Therefore, in spite of the comparative faint- 
ness of the companion, whose magnitude is 6.5, while that of the central star 
IS 3 0, this object ought to be constantly within the reach of om* great refrac- 
tors In previous revolutions, however, the star has been lost, and it will 
therefore be a mattei of great interest to follow it during the next periastron 
passage in 1899 Grood observations in this part of the orbit are needed, and 
the rare phenomenon which will be presented by ^ Ilercuhs about the end of 
this century will be worthy of the attention of observers with large telescopes. 

Notwithstanding the three revolutions which have been completed smce 
Hbrsohel’s discovery in 1782, our knowledge of the orbit of this pair has 
remrnned some'#hat unsatisfactory; the elements heretofore obtained are by no 
means accordant. This divergency of results may be attributed partly to errors 
of observation incident to the inequality of the components, and partly to a 
sensible mistake in the old position-angle of Hbrsohbl, which ought to have 
been about 80°. Indeed, Hersohel’s observation does not seem to lay claim 
to much accuracy, for on August 30, 1782, he says. “Saw it better than I 
ever did,” — implying that on the previous occasions the companion was not 
very well defined The following table gives the elements pubhshed by previous 
investigators : 


p 

T 

e 

a 

9. 

i 

1 

Authority 

Source 

yrs 

31 4678 

1829 60 

0 4645 

1189 

39°43 

60°9 

2621 

Madler, 1842 

Dorp Obs , IX, p 192 
Fixt Syst , I, p 269 

30 216 

1830 42 

0 432 

1208 

19 4 

441 

276 65 

Madler, 1847 

36 357 

1830 481 

0 4482 



214 35 

43 7 

284 9 

Villarceau 

AN.jToI XXVI, p 306 

37 21 

1830 66 

0 4381 



37 23 

39 36 

266 9 

Fletcher, 1863 

m;.n , xin, p 268 

36 716 

1830 237 

0 4831 

1350 

41.9 

491 

290 6 

Yillarceau, 1864 

CR,XXXVin,p 871 

34 221 

1830 01 

0 4239 

1223 

45 93 

34 87 

209 6 

Dun^r, 1871 

A 17,1868 

36 606 

1829 635 

0 5511 

1374 

27 0 

60 23 

266 7 

Plummer,! 871 

M N , XXXI, 196 

Catal Doub,, p 101 

34 68 

1864 90 

0 405 

136 

2613 

61 11 

260 97 

Flammarion, ’74 

34.4 

1864 8 

0 463 

1284 

4173 

43 23 

262 76 

Doberck, 1880 

AN, 2332 

34 411 

1864 78 

0 4666 

1346 

441 

44 53 

2618 

Doberck 
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After an examination of all the observations we formed mean positions for 
each year, and from these mean places deduced the following elements . 


Apparent orbit 


P = 35 00 years 
T = 18G4 80 
e = 0 497 
a = 1"4321 


ft = 37® 5 
t = 51° 77 
X = 101° 7 
n = -10° 2843 


Length of major axis = 2" 492 

Length, of minoi axis = 1" 752 

Angle of major axis = 43° 1 

Angle of peiiastion = 289° 0 

Distance of stai fiom center = 0" 456 


The following table of computed and observed places shows that the ele- 
ments give a good rcpiesentation of the observations, and render it probable 
that the present oibit is veyy near the truth There are some oriors in the 
position-angles which appear to be systematic, and we have not been able to 
improve the representation, for whatever would unprove the agreement lu one 
place would in3ure it m another, or in the same place during the next revo- 
lution 

It will be seen that this orbit is shghtly more eccentric than most of those 
heretofore deduced, but it is not probable that the eccentricity will prove to be 
too large. If any change should be reqmred m this element, it is likely to 
increase rather than dummsh the value given above The eccentricity of the 
Dibit of i Ilercuhs is near the mean value of this element among double stars. 


Comparison of Computed with Obsbryed Places 


t 

Oo 

Oc 




a 


n 

Observers 

1782 56 

69 3 

80 5 

If 

If 

151 

0 

-112 

If 

1 

Herschel 

1796 80 

— 

248 9 

— 

0 66 






1 

Herscliel 

1802 74 

— 

174 6 

— 

124 






1 

Heiscliel 

1826 63 

23 4 

271 

0 91 

100 

— 

37 

-0 09 

5 

Struve 

1828 71 

349 6 

344 0 

0 66 

0 54 

+ 

66 

+011 

1 

Struve 

1832 72 

220 6 

216 0 

0 81 

0 97 

+ 

45 

-016 

1 

Struve 

1834 46 

203 6 

2016 

0 91 

114 

+ 

20 

-023 

2 

Struve 

1836 45 

196 9 

1916 

109 

120 

+ 

63 

-oil 

6 

Struve 

1836 60 

186 2 

182 8 

109 

123 

+ 

34 

-014 

6 

Struve 

1838 70 

168 6 

167 6 

136 

124 

4- 

10 

+011 

3± 

Galle 

1839 76 

1619 

169 9 

122 

126 

+ 

20 

-0 03 

4 

Dawes 

1840 66 

1671 

163 7 

126 

126 

+ 

34 

±0 00 

6 

0 Struve 

1841 56 

146 4 

147 2 

124 

126 

— 

08 

-0 01 

16-6 

Madler 9-0 , 02! 3 , Dawes 4-3 

1842 64 

142 0 

140 3 

114 

126 

+ 

17 

-012 

9-4 

Madlei 3-0 , Dawes 3-1 , 02 3 

1843 66 

1301 

1321 

130 

128 

— 

2 0 

+0 02 

20-2 

Madler 8-0 , Dawes 3-2 , Madlei 9-0 

1844 60 

1247 

1271 

112 

130 

— 

24 

-0 18 

7-2 

Madler 5-0 , 02 2 

1845 64 

1213 

119 3 

124 

132 

+ 

20 

-0 08 

3 

0 Struve 

1846 79 

1113 

1121 

131 

136 

— 

08 

-0 04 

7-2 

02 2 , Dawes 5-0 
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t 

Oo 

Oc 

Po 

po 


po Pc 

n 

Observers 

1847 65 

107'’9 

107°4 

It 

143 

n 

138 

+0°6 

+005: 

21-20 

Madler 18-17 , Dawes 1 , 02 2 

1848 59 

1018 

1014 

162 

141 

+0 4 

+011 

8-6 

Madler 3-0 , Dawes B , 02 2 

1849 48 

99 2 

96 5 

171 

144 

+2 7 

+0 27 

1 

Dawes 

1860 36 

93 3 

917 

139 

146 

+1 6 

-0 07 

8-6 

02 3 , Fletcher 2 , Madler 3-1 

1851 60 

87 9 

86 7 

136 

i49 

+2 2 

-014 : 

16-14 

Madler 3, FleteherO, 02 6, Miller 2-0 

1852 67 

83 8 

79 8 

132 

162 

+4 0 

-0 20; 

20-14 

02 6 , Madler 8-7 , Fletcher 6-2 , Miller 2-0 

1853 46 

78 3 

761 

138 

163 

+2 2 

-016! 

23-20 

Jacob 2, Miller 6-3, Ma 8, 02 4., Ma 3 

1864 46 

75 0 

71 2 

147 

163 

+3 8 

-0 06 

11 

Jacob 3, 02 B, Madler 6 

1866 46 

70 8 

66 4 ‘ 

147 

163 

+4 4 

-0 06! 

24-11 

Dem 13-0 , Secchi 3 , 02 4., Morton 4 

1866 48 

64 8 

62 2 

143 

161 

+2 6 

-0 08 

27 

Jacob 3 5 Dembowski 15 , Secchi 6 , 02 3 

1857 61 

59,0 

55 5 

136 

146 

+3 5 

-Oil 

24 

Ma 4 , Mo 2 , Sec 6 , 02 4, Dem 6 , Ja 3 

1868 68 

510 

50 5 

119 

140 

+0 6 

-0 21! 

22-21 

Secchi 2 j Dembowski 8 , 02 4 , Mkdlei 8-7 

1859 68 

431 

441 

126 

130 

-10 

-0 06 : 

19-15 

Madler 6 , Secchi 3-0 , Dawes 6-6 , 02 4 

1860 70 

32 0 

36 5 

106 

116 

-4 6 

-Oil 

4 

Secchi 3 , 02 1 

1861 60 

18 6 

28 6 

0 93 

102 

-9 9 

-0 09 

6 

Madler 2 , 02 4 

1862 73 

112 

12 9 

100 

0 78 

-17 

+0 22 

9-1 

Dembowski 8 , 02 1 , Mkdler 2 

1863 49 

343 0 

352 2 

cuneo 

0 69 

-9 2 

— 

4 

Dembowski 

1865 55 

250 0 

256 6 

<0 5 

0 69 

-66 

-0 09 

3 

Englemaan 

1866 74 

232 6 

229 0 

0 85 

0 85 

+ 3 5 

±0 00 

14 

Dem 6 , Dawes 3, 02 2 , Dawes 2 , Dawes 2 

1867 62 

223 6 

217 2 

0 91 

0 99 

+6 3 

-0 08 

9 

Dembowski 7 , Dun^r 2 

1868 54 

208 3 

207 7 

106 

109 

+ 06 

-0 04 

17 

Dembowski 6 , Knott 4 , 02 2 , Dundr 5 

1869 60 

2018 

198 2 

108 

116 

+36 

-0 08 

1 

Dembowski 8 , Duii^r 11 

1870 54 

192 0 

190 9 

115 

120 

+ 11 

-0 05 

17 

Dembowski 11 , Dundi 6 

1871 62 

1819 

183 6 

121 

123 

-16 

-0 02 

32 

Dembowski 14 , 02 1 , Knott 6 , Dun4r 12 

1872 56 

173 3 

176 0 

122 

124 

-2 7 

-0 02 

27 

Dembowski 12 , Duner 12 , 02 3 

1873 60 

1661 

168 3 

122 

124 

-2 2 

-0 02 

17 

Dembowski 11 , 02 2 , Dundr 4 

1874 60 

160 0 

161.1 

137 

124 

-11 

+013 

14-16 

Dembowski 10 , 02 4; Dun^r 0-1 

1876 66 

148 6 

164 6 

130 

126 

-6 0 

+0 06 

29-27 

Dem.8i Sob 7, W.&S 2 -O 5 Dun^r 12 

1876 66 

141 0 

148.6 

1.30 

1.26‘ 

-7 6 

+0 06 

10 

Hall 2 , Dembowski 7 , Plummer 1 

1877.67 

186 3 

140.1 

,1.40 

126 

-3 8 

+014 

11 

Dembowski 8 , Pritobett 1 , Hall 2 


3>^9 

138.6 

140 

128 

-6 7 

+012 

10-13 

3 1 , Sob 4 , Doberck 2-1 , Dembowski 7 



126 6 

147 

130 

-41 

+017 

8-16 

j3 B’, Hall 4, Schiaparelli 0-8 ; Pritchett 1 

1880 49 

116 8 

120 4 

134 

132 

-4 8 

+0 02 

10-16 

Doberck 2-1 , Big 3-0 , j3. 6 , Sob 0-9 

1881 49 

110.6 

113 9 

146 

136 

-3 3 

+010 

17 

Doberck 2,^5, Hough 4 , Hall 6 , Big 1 

' 1882 60 

106 6 

107 2 

146 

138 

-16 

+0 08 

17-19 

Dk 2-0 , HI 6 , Soh 0-11 , Jed 4-3 , En 6-0 

1883 60 

1016 

1013 

164 

141 

+02 

+013 

14-29 

Per 4 , Hall 6 , Sch. 0-16 En 6 [Bn 3-0 

1884 58 

941 

96 6 

161 

144 

-2 6 

+0 07 

28-17 

Big 2-0, HI 4, Per 3 , Prit 1 , Soh 9 , Sea 6-0, 

1885 68 

89 8 

90 5 

167 

147 

-0 7 

+010 

29-22 

Per 6 , Tar 4-0 , HI 7, Soh 6 , Jed 4 , Sea 3-0 

1886 63 

: 87 0 

86 0 

164 

160 

+2 0 

+0 04 

36-32 

H16, Perl, Sea3-0, Soh9, Jed 9-7, En 7 

1887 60 

' 81 5 

80 2 

167 

162 

+13 

+0 06 

24 

Hall 6, Schiapaielh 18 

1888 68 

1 761 

76 6 

164 

153 

-0 6 

+0 01 

21-14 

Hall 6 , Comstock 3-0 , Sch 9-8 , Maw 3-0 

1889 66 

1 72.7 

70 6 

166 

154 

+21 

+0 01 

18-17 

Sch 3, Glas 2-1, Hall 6, Com 4, Maw 3 

1890 60 

• 668 

65 6 

163 

153 

+0 2 

±0 00 

16-16 

Glas 2, Hall 6, Maw 3, Schiaparelli 5-4 

1891.67 

■ 62 2 

60 9 

143 

160 

+13 

-0 07 

23-20 

Hall 6, See 7-4, Soh 2 , Big 6 , Maw 3 

1892 60 

» 66 3 

66 6 

144 

146 

-0 2 

-0 02 

1 13 

Comstock 6 , Schiaparelli 8 

1893 74 

= 47 6 

48 2 

134 

137 

-0 6 

-0 03 

1 8-7 

Schiaparelli 3-2 , Bigourdan 6 

1894 68 

; 421 

441 

120 

131 

-2 0 

-0 11 

. 7-19 

1 Barnard 3 , Glas 2-0 , Le-wis 2 , Big 0-14 

1895 35 

! 36 7 

38 8 

117 

121 

-21 

-0 04 

t 3 

See 


The conpanion is "worthy of regular attention, in the part of the orbit now 
being described, but observation will become more urgent as the star approaches 
' - ‘ periastron in 1899. If good observations can be secured they "will enable us to 
give the highest precision to the theory of the motion of this starj but if the 
measures in so delicate a case are affected by sensible systematic errors they 
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416 = LAO. 7215 


will prove to bo of little value The phenomena of the appioachmg appulsc 
of ^ IIerc(ilb.s will therefore be difficult to observe, and results of impoitance 
(‘Jin only bo obtained by skillful treatment It is haidly necessary to add that 
Ibis phenomenon will not again he witnessed for moie than a third of a 
ctmtury. 

It secnis worthy of remark that Struve, who devoted so much attention 
to ih(‘ colors of double stars, noted the color of the companion as i eddish, 
while it is now distinctly bluish, and although a change of color docs not seem 
probable^, this has been suspected as well as vaiiabihty 

In order that astronomers may he able to compare the piesent theoiy with 
observations during the rapid motion of the compamon in passing periastron, 
W(‘ give an ephemciis for the next ton ycais 


t 


Pc 

t 

^0 

Pc 


0 

n 


0 

n 

1896 60 

28 6 

102 

1901 60 

233 0 

0 80 

1897 60 

166 

0 82 

1902 60 

218 4 

0 97 

1898 60 

3619 

0 56 

1903 60 

207 8 

109 

1899 60 

289 7 

0 47 

1904 60 

198 9 

116 

1900 60 

258 4 

0 68 

1906 50 

1910 

120 
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o = 17'* 12“* 1 

, 8 = —34° 

52' 








6 4, yellowish 

, t 8, yellowish 





• 



D%scovered hy Burnham in 

1876 








Observations 





t 

h 

Pc 

n 

Observers 

t 

Bo 

Po 

n 

Obsoivois 

1876 62 

24 0± 

» 

18± 

1 

Bhrnhain 

1891 63 

8l“2 

053 

3-2 

Buiuliam 

1877 63 

222 6 

180 

1 

Cmoiniiati 

1892 38 

24 4 

0 61 

4-3 

Buinhain 

1877 64 

224 4 

177 

1 

Russell 

1894 57 

330 8 

0 94 

7-2 

Sellois 

1888 72 

147 6 

188 

1 

Burnham 

1894 63 

334 7 

127 

3 

Bainaxd 

1889 43 

136 2 

117 

2-1 

Burnham 

1895 60 

3217 

0 91 

2-1 

Comstock 

1889 63 

1819 

0-97 

1 

Pollock 

1896 74 

320 0 

130± 

1 

See 


Since the discovery of this rapid binary the compamon has described an 
arc of 280®. The magnitudes of the components are 6 4 and 7 8 respectively, 
and as the pair is never closer than 0" 68 the object is difficult only on account 
of its southern declination.* The penod is surprisingly short for a system of 
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such considerable separation, and this circumstance lends decided probabihty to 
the view that the parallax is sensible Provisional elements for this system 
have been computed by Glasbnapp, Gore and BmusotAM. Their results are 
as follows : 


p 

T 

e 

a 

St, 

% 


Authonty 

Source 

yrs 

34 86 
34 48 
24 7 

1892 00 

1891 86 

1892 26 

0 66 

0 666 
0 66 

// 

162 

213 

146 

104°3 
139 4 
122 0 

46°4 
66 7 
44 4 

300°7 
278 2 
93 6 

Glasenapp,1893 
Gore, 1893 

Burnham, 1893 

Astron andAstroph , May ,1893 
Monthly Notices, Maich, 1893 
Publ Lick Obs , vol II, p 247 


The observations which I secured recently at the Washburn Observatory 
have enabled me to redetermine the orbit. Using all available measures, we 
find the following elements of yS416. 


Apparent orbit : 


P = 33 0 years 
T = 1891 85 
6 = 0512 
a = 1"2212 


SI = 144*6 
» = 37*36 
X. = 86*1 
n = -9*0908 


Length of majoi axis = 2" 76 

Length of minor axis = 2" 38 

Angle of major axis * = 142*.6 
Angle of periastroa =» 69*.5 

Distance of star from centre na 0*'61 


OoscPA»i 80 N ox Computed with Obsbeved Piaobs 


t 

Bo 

6c 

Po 

Pc 

0o*^0c 

Po—Pc 

n 

Observers 

1876 62 

240* ± 

233‘’4 

If 

18 ± 

ft 

179 

O 

+6 6 

+001 

1 

Burnham 

1877 63 

222 6 

228 2 

180 

179 

-6 4 

+0 01 

1 

Cincinnati 

1877 64 

224 4 

227 6 

177 

178 

-3 2 

-0 01 

1 

Russell 

1888 72 

147 6 

147 7 

188 

119 

-0 2 

+0 69 

1 

Burnham 

1889 43 

136 2 

136 7 

117 

104 

-1.6 

+013 

2-1 

Burnham 

1889 63 

1319 

1331 

0 97 

100 

-12 

-0 03 

1 

Pollock 

189163 

812 

76 2 

0 63 

0 60 

+61 

-0 07 

3-2 

Burnham 

1892 38 

24 4 

340 

0 61 

0 61 

-9 6 

0 00 

4-3 

Burnham 

1894 67 

330 8 

333 6 

0 94 

110 

-2 8 

-0.16 

7-2 

Sellers 

1896 60 

3217 

319 9 

0 91 

130 

+18 

-0 39 

2-1 

Comstock 

1896 74 

320 0 

318 4 

130± 

132 

+16 

-0 02 

1 

See 


The angular motion during the last three years has not been very rapid, 
and the constancy of areas shows that the distances have been somewhat under- 
measured It IS now apparent that the period will be sensibly longer than 
Burnham supposed The value found above is not likely to be in error by 
more than one year, while the correction of the eccentricity will hardly exceed 
*0.03. Considering the small number of observations on which athis orbit is 
based, the elements may be regarded as highly satisfactory. As this system is 
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visible in the United States, it is worthy of particular attention from American 
observers. 

The following ephemeris gives the place of the companion for five years 


t 

$c 

Pc 

t 

Oc 

Pc 


O 

// 


0 

tf 

1896 60 

310 6 

143 

1899 60 

287 7 

169 

1897 60 

3021 

154 

1900 60 

2816 

172 

1898 60 

294 6 

162 





52173. 

a = 17 '‘ 25 '" 3,8 = — 0 ° 60 ' 

6, yellow , 6, yellow 

Discovered hy William St) live in July^ 1829 


Obsebvations 


t 

Oo 

Po 

n 

Obseirvers 

t 

$0 

Po 

n 

Observeis 

1829 66 

147°2 

0*62 

2 

StruYe 

1861 32 

334°! 

127 

4 

Madler 

1831 69 

1416 

0 62 

3 

Struve 

1861 74 

336 6 

118 

2 

Madlei 

1836 69 

single 



4 

Struve 

1862 72 

3341 

123 

2 

Madler 

1837 70 

353 

obl’> 

1 

Stiuve 

1863 12 

3312 

104 

4 

0 Stiuve 

1840 47 

3471 

06± 

1 

Dawes 

1864 66 

330 6 

137 

3 

Madlei 

1840 64 

368 8 

0 61 

3 

0 Struve 

1856 63 

163 2 

09± 

1 

Wmnecke 

1841 36 

362 3 

0 67 

6-2 

Madler 

1866 63 

3291 

1 ± 

4 

Dembowski 

1841 61 

362 2 

0 67 

3 

0 Stxuve 

1866 63 

329 8 

0 97 

1 

Secclu 

1841 64 

347 4 

0 71 

2-1 

Dawes 

1866 90 

326 0 

0 94 

4 

0 Struve 

1842 46 

354 9 



6 

Kaiser 

1857 43 

326 9 

0 88 

1 

Seochi 

1842 51 

349 9 

0 76 

3 

Madlei 

1868 66 

325 9 

0 84 

2 

Secchi 

1842 67 

343 3 

07± 

3 

Dawes 

1868 61 

328 3 

0 88 

4-2 

Madlei 

1843 30 

3431 

0 74 

3 

0 Stiuve 

1858 61 

326 0 

0 26± 

1 

Moiton 

1843 50 

346 2 

0 78 

8-6 

Madlei 

1859 33 

324 2 

0 71 

3 

0 Stiuve 

1843 64 

3412 

09± 

6 

Dawes 






1843 66 

3461 

0 68 

10-2 

Kaiser 

1861 67 

324 0 

— 

3 

Madler 






1861 63 

316 2 

0 48 

1 

0 Struve 

1844 36 

346 0 

08± 

3 

Madler 






1846 55 

3421 

0 97 

1 

Madler 

1864 46 

lOO^* 

OOi* 

2 

Englemann 






‘ 1864 63 

Single 

1 

Dembowski 

1846 46 

339 4 

107 

6-6 

Madler 






1846 47 

3361 

0 86 

6 

0 Struve 

1866 61 

182 2 

— 

1 

Leyton Obs 

1847 47 

339 2 

116 

2 

Madler 

1866 32 

360 7 

0 47 

3 

0 Struve 






1866 43 

1813 

— 

1 

Leyton Obs 

1848 44 

339 2 

m 

1 15 

1 

Madler 

1866 69 

107 7 

— 

1 

Winlock 

1848 46 

339 4 

110 

1 

Dawes 

1866 62 

139 4 

160 

6-1 

Searle 

1848 68 

340 4 

123 

1 

MitolieU 

1866 69 

167 7 

— 

1 

Winlock 



t 


Po 

n 

Observers 

1867 79 

174°5 

0 68 

1 

Dim^r 

1868 18 

161 3 

0 65 

3 

0 Struve 

1868 60 

160 6 

06± 

2 

Dembowski 

1868 66 

169 3 

0 68 

3 

Duu^r 

1869 68 

1671 

0 68 

6-1 

Dembowski 

1869 93 

161 1 

0 68 

6 

Dun^i 

1870 36 

166 4 

08± 

2 

Gledhill 

1870 46 

166 8 

0 81 

6-4 

Dembowski 

1870 67 

169 7 

0 80 

4 

Duudi 

1871 44 

166 0 

0 99 

4-2 

Dembowski 

1871 64 

156 6 

0 87 

6 

Dun^x 

1872 16 

166 7 

0 89 

6 

0 Struve 

1872 66 

162 3 

0 95 

6-3 

Dembowski 

1873 60 

1641 

100 

2 

W & S 

1873 61 

160 8 

0 77 

4-1 

Dembowski 

1873 67 

152 6 

110 

1 

Duu^i 

1874 46 

150 0 

0 91 

4-3 

Dembowski 

1874 67 

1511 

0 99 

2-1 

Gledliill 

1874 59 

1612 

0 90 

2-1 

W & S 

1874.62 

149 3 

0 77 

2 

0 Struve 

1874 66 

148 8 

109 

2 

Newcomb 

1876 63 

147 6 

074 

4 

Dembowski 

1876.67 

146,6 

0 83 

7 

Schiaparelli 

1876 67 

147.8 

1 ± 

1 

W & S 

1876 67 

148 7 

0 90 

6 

Dun^r 

1876 52 

149 3 

0 77 

3 

Hall 

1876 55 

144 8 

0 69 

6 

Dembowski 

1876 59 

143 8 

0 83 

4 

Schiapaielli 

1876 65 

144 0 

0 61 

2 

0 Struve 

1876 66 

149 9 

— 

4 

Doberck 

1877 49 

1416 

— 

2 

Cmcimiati 

1877 63 

142 6 

0 62 

6-4 

Dembowski 

1877 69 

1414 

0 66 

2 

0, Struve 

1877 59 

142 0 

0 72 

8 

Schiaparelli 

1877 68 

153 6 

0 67 

2 

Doberck 

1878 40 

142 6 

0 62 

1 

Doberck 

1878 48 

139 4 

0 60 

4 

Dembowski 

1879 22 

137 0 

0 69 

7-3 

Cincinuati 

1879 58 

136 0 

05± 

8 

Schiaparelli 

1879 72 

152 2 

07± 

3 

Seabroke 

1880 47 

1313 

0 36 

1 

Burnham 

1880 66 

133 9 

04± 

9 

Schiaparelli 

1881 61 

114 9 

0 24 

3 

Burnham 

1881.62 

121 6? 

0 27’ 

1 

Hall 


t 

eo 

Po 

n 

Observeis 

1881 74 

w n 

elong ^ 

1 

Bigouidan 

1882 67 

109 9 

03 

7 

Schiaparelli 

1882 62 

349 0 

oblong 

1 

0 Struve 

1883 60 

elong 

20’’-45‘’ 

4 

Perrotin 

1883.60 

190 0 

oblong 

1 

0 Struve 

1883 60 

Single 

7 

Schiaparelli 

1883 88 

24 8 

0 22 

9 

Englemann 

1884 66 

17 4 

0 38 

3-2 

Periotm 

1884 69 

99? 

— 

1 

Bigourdan 

1884 60 

Single 

7 

Schiapaielli 

1884 61 

42 7? 

0 25±’ 

3 

Schiaparelli 

1884 62 

99 

0 32 

3 

Hall 

1886 66 

219 

0 30 

8-6 

Englemann 

1886 65 

366 6 

0 56 

3 

Peirotin 

1886 66 

3551 

0 41 

7 

Schiapaielli 

1886 66 

353 0 

0 42 

3 

Hall 

1886 64 

365 6 

0 30 

8 

Englemann 

1887 40 

360 5 

0 46 

4 

Tan ant 

1887 66 

348 6 

0 63 

7 

Schiaparelli 

1888 49 

347 8 

0.68 

3 

Leavenworth 

1888 66 

344 4 

0 63 

3 

Hall 

1888 60 

346 9 

0 68 

8 

Schiaparelli 

1888 69 

342 3 

0 81 

1 

0 Struve 

1889 46 

346 0 

0 66 

6 

Tarrant 

1889 63 

346 6 

0 70 

7 

Schiaparelli 

1890 26 

3416 

in cont 

10 

Giacomelli 

1890 49 

340 9 

08± 

2 

Glasenapp 

1890 69 

3431 

0 84 

3 

Maw 

1890 71 

334 6 

0 76 

2 

Bigourdan 

1890 74 

3417 

0 70 

7-6 

Schiaparelli 

1891 61 

3401 

0 97 

3 

HaU 

1891 53 

340 0 

0 81 

4 

Schiaparelli 

1891 68 

339 7 

0 93 

3 

Burnham 

1891 69 

340 3 

0 91 

3 

Bigourdan 

1892 64 

3418 

0 90 

4 

Comstock 

1892 61 

3391 

110 

1 

Bigourdan 

1892 62 

339 3 

0 88 

7 

Schiaparelli 

1892 72 

340 7 

0 91 

3 

Maw 

1893 68 

338 0 

108 

3 

Schiaparelli 

1893 87 

340 6 

111 

3 

H C Wilson 

1894 66 

336 8 

116 

2 

Lewis 

1894 74 

169 9 

127 

1 

Oallandreau 

1896 30 

337 3 

119 

3* 

See 

1896 67 

337 7 

113 

3 

Comstock 
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When this interesting double star in the constellation Oplnuchus was 
discovered by William Steuvb, the companion was measured on two nights,* 
and again observed m 1831, but in 1836 it had disappeared, so that under 
the best seeing the star appeared absolutely round Steitvb therefore siii- 
mised {Mensurae MicroTnetncae, p 294) that this is a case of occiiltation similar 
to those of y Goronae Borealis and mLeoms, “ summa attentione digna ” The 
companion came out on the opposite side in 1840, and was subsequently 
followed systematically by the best observers, so that at the present time a 
large amount of good material is available for the investigation of its orbit. 
The components aie so neaily equal in biightness that the angles ficqueiitly 
require a coirection of 180°, and for a time it remained uncertain whether the 
period would be 46 or 23 years Prof Duster was the first astronomer who 
attempted to mvestigate the oibit of this pair, using measures up to 1876, the 
illustrious Director of the Observatory of Upsala arrived at the following results: 

P = 45 43 years Q = 162° 66 
T = 1872 91 i = 80° 63 

e = 0 1349 X = 7° 26 

a = 1" 009 

From an investigation of all the observations, including the inoasiircB 
recently secured at the Leander McCormick Obseivatoiy in Virginia, we find 
the following elements of 2' 2173* 


P = 46 0 years Q = 163° 7 

T = 1869 60 t = 80° 76 

6 = 0 20 X = 322° 2 

a = 1"1428 n = —7° 8261 


Apparent orbit 


Length of major axis = 2" 22 

Length of minor axis = 0"36 

Angle of major axis = 164° 6 

Angle of periastron =: 160° 8 

Distance of star from centre = 0" 18 


The accompanying table of computed and observed places shows that 
these elements are very satisfactory. 


* Aatronomxache Nackrichten, 3811 





i’2173 


197 


COMPAEISON OF COMPUTKD WITH OBSERVED PLACES 


t 

^0 


Po 

Pe 

Oo-Oc 

Po—Pc 

n 

Observers 

1829 56 

147°2 

148°6 

It 

0 67 

// 

0 84 

0 

-13 

It 

-017 

2-1 

Struve 

1831 69 

1415 

143 4 

0 62 

0 69 

-19 

-0 07 

3 

Struve 

1840 64 

368 8 

368 0 

0 56 

0 47 

+0 8 

+ 0 08 

3-4 

01! 3 , Dawes 0-1 

1841 48 

362 3 

352 5 

0 67 

0 59 

-0 2 

+0 08 

9-6 

Mac]]er6-2, 02' 3 

1842 64 

349 3 

348 8 

0 72 

0 69 

+05 

+0 03 

11-6 

Kaiser 5-0 , Madlei 3 , Dawes 3 

1843 67 

346 7 

346 9 

0 77 

0.82 

-0 2 

-0 05 

18-16 

Ma 8-5 , Ka 10-2 , 02 0-3 , Da 6 

1844 86 

346.0 

344 3 

08± 

0 90 

+0 7 

-010 

3 

Madler 

1846.66 

3421 

343 2 

0 97 

0 95 

-11 

+0 02 

1 

Madlei 

1$46 46 

339 4 

340 8 

107 

106 

-14 

+0 01 

6-5 

Madler 

3847 47 

339 2 

339 6 

116 

1 14 

-0 4 

+ 0 02 

2 

M&,dler 

1848 49 

339.6 

338 4 

116 

121 

+12 

+ 0 06 

3 

Madler 1 , Dawes 1 ; Mitchell 1 

1861 74 

336 6 

336 0 

122 

129 

+0 6 

-0 07 

2-6 

Madler 

1863 72 

3341 

334 3 

123 

128 

-0 2 

—0 05 

2 

Madler 

1863 12 

3312 

333 9 

104 

127 

-27 

-0 23 

4 

0 Struve 

1864 66 

330 5 

332 7 

137 

124 

-2 2 

+ 013 

3 

Madler 

1856 66 

328 3 

330 2 

0 97 

110 

-19 

-013 

9 

Dera 4, Se 1, 02'4 

1867 43 

326 9 

329 3 

0 88 

104 

-2 4 

-016 

1 

Seechi 

1868 59 

326 4 

327 6 

0 86 

0 93 

-11 

-0 07 

7-4 

Se 2 , Ma 4-2 , Mo 1-0 

1869 33 

324 2 

3261 

0 71 

0 85 

-19 

-014 

3 

0 Struve 

1861 60 

319 6 

319 7 

0 48 

0 57 

-01 

-0 09 

4-1 

Madlei 3-0 , 02 1 

1866 32 

180 7 

184 8 

0 47 

0 28 

-41 

+ 019 

3 

0 Stiuve 

1867 79 

174 5 

168 3 

0 68 

0 61 

+ 6 2 

+017 

1 

Dimdr 

1868 48 

163 8 

164 5 

0 61 

0 59 

-0 7 

+0 02 

8 

OH 3 5 Dembowski 2 , Dun^r 3 

1869 76 

169 1 

160 0 

0 63 

0 76 

-0 9 

-0 12 

11-7 

Dembowski 5-1 , Dun& 6 

1870 66 

168 3 

1681 

0 80 

0 83 

+02 

-0 03 

10-8 

Dembowski 6-4 , Duudr 4 

1871 64 

165 8 

166.9 

0 93 

0 89 

-01 ^ 

+004 

10-8 

Dembowski 4-2, Tkmit 6 

1872 36 

164 0 

154 4 

0 92 

0 92 

-0 4 

GOO 

10-^ 

OX 6*^ Demitowski 5-3 

1878 66 

162.6 

162 2 

0 89 

0 92 

+0 3 

-003 

7 -^ 

W & S 2i Bern 4-1, Du 1-0 


: 1694 

1604 

0 89 

0 89 

00 

0.00 

10-7 

Bern 4-a, 01 2-1, W & S 2-1, OS 2 


147-6 

148 4 

082 

0 84 

-0.8 

-0 02 

17-16 

Bern 4, Sch, 1, W &S 1-0, Du 6 

1876 68 ; 

146 9 

146 2 

0 76 

0.78 

+0 7 

-0 02 

16-12 

HI 3, Dem 5, Sch 4, Dk 4-0 

1877 67 

144 4 

143 7 

0 67 

0 70 

+0 7 

-0 03 

17-14 

Cm 2-0, Dem 5-4, Sch 8, Dk 2 

1878 48 

139 4 

140 6 

0 66 

0 61 

-12 

-0 06 

6 

Doberck 1 , Dembowski 4 

1879 40 

1365 

136 4 

0 69 

0 62 

+01 

+0 07 

16-11 

Oiucmnati 7-3 , Schiaparelli 8 

1880 66 

132 6 

128 0 

0 38 

0 40 

+4 6 

-0 02 

10 

13 1 , Schiaparelli 9 

1881 61 

114 9 

114 9 

0 24 

0 29 

00 

-0 06 

3 

Burnham 

1882 61 

916 

90 6 

02 

0 21 

+11 

-0 01 

1 

Schiaparelli 

1883 69 

46 0 

48 9 

0 22 

0 20 

-3 9 

+0 02 

4-9 

Perrotin 4-0 , Englemann 0-9 

1884 69 

23 3 

218 

0 31 

0 27 

+15 

+0 04 

9-8 

Perrotin 3-2 , Sch 3 , Hall 3 

1886 66 

219 

62 

0 30 

0 37 

+16 7 

-0 07 

8-6 

Englemann 

188668 

357.6 

368 0 

0 42 

0 47 

-04 

-0 06 

21 

Per 3, Sch 7, Hall 3, En 8 

1887 48 

349.6 

362 7 

0 60 

0 69 

-32 

-0 09 

11 

Tarrant 4 , Schiaparelli 7 

1888 66 

346 3 

3481 

0 60 

0 72 

-18 

-012 

14 

Lv 3 , Hall 3 , Schiaparelli 8 
Schiaparelli [Big 0-2; Sch 7-5 
G-ia 10-0 , Glasenapp 2 , Maw 3 , 

1889 63 

346 6 

346 8 

0 70 

0 82 

-03 

-012 

7 

1890 68 

3418 

343 8 

0 78 

0 92 

-20 

-014 

24-12 

1891 58 

340 0 

3421 

0 91 

101 

-21 

-010 

13 

Hall 3 , Sch 4 , 3 , Big 3 

1892 62 

340 2 

340 6 

0 96 

109 

-0 4 

-014 

15 

Com 4 , Big 1 , Sch 7 , Maw 3 

1893 77 

339 3 

338 9 

109 

119 

+04 

-010 

6 

Schiaparelli 3 , H C W 3 

1894 55 

336 8 

338 3 

1.16 

122 

-16 

-0 07 

2 

Lewis 

1896 30 

337 3 

337 9 

122 

124 

-0 6 

-0 02 

3-1 

See 


Owing to the high inclination of the orbit, it is clear that a small error 
in angle would very sensibly alter the apparent radius vector of the companion, 
and for this reason good measures of distance are more trustworthy than 
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angles. Therefore, while the present orbit is based on both coordinates, timisnal 
weight has been given to the observed distances 

The residuals in angle are very small, except in the case of Bnglbmatvn’s 
measure of 1886, when the components were so close as to lender all obsoiva- 
tions with a small telescope very uncertain It should be remarked that the 
position for 1882 is based on a measure which was rejected by SciitapakkltjI 
on account of its discordance, but as the other six measures by that dis- 
tinguished astionomer give 


61, = 109*9 p, = 0"30, 

which cannot well be reconciled with the theoiy of the star’s motion, it appeals 
probable that the single outstanding observation is nearer the truth, and it is 
therefore adopted in the above table. 

The most remarkable characteristic of 1 2173 is the relatively small eccen- 
tricity of its orbit. Although this element is not so well defined as might ho 
desired, yet the value given above seems to be fairly indicated by the host 
observations, and is not hkely to need any large correction Good ineasurcH 
of distance about the time of maximum elongation, in 1898 and 1899, would fix 
the eccentricity more accurately, and accoidmgly for the next five years this 
system will deserve the particular attention of astronomers 


HERCULIS BC = A.C. 7. 

a = 17>> 42” 6 , 8 = +27° 47' 

9 4, bluish white , 10, bluish 

Discovered hy Alvan Clark in July, 1866 


Obseryations 


t 

Oo 

o 

Po 

n 

Observers 

t 

Po 

Po 

n 

Obso Ivors 

1867 47 

63 ± 

— 

1 

Dawes 

1866 43 

80°5 

ft 

1 84 

2-1 

Knott 

1867 60 

69 3 

182 

2 

Dawes 

186644 

82 0 

127 

6 

Dembowski 

1867 86 

717 

174 

1 

Secchi 











1866 69 

86 3 

— 

1 

Winlock 

1869 70 

60 4 

2 06 

3 

Dawes 

1866 66 

86 3 

— 

1 

Searle 

1860 30 

67 7 

164 

1 

0 Struve 

1866 68 

89 6 

110 

2 

0 Struve 

1862 83 

78 6 

160 

1 

0 Struve 

1867 68 

97 9 



3 

Searle 

1864 43 

77 6 

181 

1 

Dawes 

1867 69 

93 0 

— 

1 

Wmlock 

1864 49 

67 6 

170 

1 

Englemanu 

1868 60 

97 7 

0 88 

1 

0 Struve 

1864 76 

78 8 

1.76 

1 

Wmnecke 

1868 61 

106 4 

— 

1 

Wxnlock 
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i 


Po 

n 

Observers 

1869 73 

130'’9 

It 

1 

Wmlock 

1869 73 

111 7 

— 

2 

Peirce 

1871 51 

100 ± 

0 6± 

2 

W & S 

1871 52 

166 8 

0 62 

1 

0 Struve 

1873 50 

180 6 

— 

1 

Eomberg 

1873 50 

174 6 

— 

1 

H Bruns 

1873 50 

176 4 

— 

1 

Mtiller 

1873.60 

186 6 

0 63 

1 

0 Struve 

187360 

90 ± 

06± 

1 

W & S 

1873 67 

sempliee 

— 

1 

Dembowski 

1874 48 

202 4 

0 76 

4-2 

Newcomb 

1874 66 

100 6 

04± 

2 

Gledhill 

1876 68 

216 2 

— 

6 

Scbiaparelli 

1876 69 

226 9 

— 

1 

Newcomb 

1875 69 

220 6 

118 

6-3 

Hall 

1876 70 

217 6 

— 

1 

Holden 

1876 69 

223 4 

0 72 

4 

Hall 

1876 60 

228 7 

101 

4 

0 Struve 

1876 68 

216 0 

0 83 

4 

Dembowski 

1877 47 

236 0 



1 

Seabroke 

1877 66 

234 3 

1 10 

2 

0 Struve 

1877 69 

227 9 

0 8? 

6 

Scbiaparelli 


282.8 

0 86 

2 

Hall 

1877,62 

229 9 

0.92 

4 

Bembowski 

1878 46 

234 9 

106 

6 

Burnbam 

1878 60 

233 8 

0 88 

2 

Hall 

1878 64 

238 2 

117 

1 

0 Struve 

1879 46 

242 7 

0 90 

5 

Burnbam 

1879 66 

239 6 

0 97 

3 

Hall 

1879.76 

234 8 

— 

11 

Seabroke 

1880 46 

230 2 

0 7? 

6 

Scbiaparelli 

1880 47 

246 9 

0 96 

7 

Burnbam 

1880 65 

246 3 

100 

4 

Hall 

1880 78 

246 6 

118 

3 

Prisby 

1881 41 

2621 

0 92 

6 

Burnbam 

1881 62 

264 2 

0 87 

3 

Hougb 

1881 65 

2491 

101 

6 

Hall 

1882 62 

2691 

0 70 

4 

Hall 

1882 53 

266 4 

— 

1 

H Struve 

1882 63 

2617 

0 90 

3 

Hougb 

1882 66 

263 2 

103 

3 

0 Struve 

1882 60 

266 8 

— 

7 

Scbiaparelli 


t 

6o 

Po 

n 

Observers 

1883 63 

262°1 

074 

3 

Burnbam 

1883 57 

261 1 

0 84 

3 

Hougb 

1883 68 

262 9 

0 66 

3 

Hall 

1883 68 

2614 

0 86 

2 

Prisby 

1883 63 

274 8 

— 

6 

Scbiapaielli 

1883 96 

80 6 

0 62 

8-6 

Englemann 

1884 64 

273 4 

0 66 

3 

Hall 

1884 68 

272 7 

0 77 

1 

0 Struve 

1886.51 

2681 

116 

2-1 

Holetscbek 

1886 56 

288 0 

0 61 

3 

Hall 

1886 62 

246 2 

— 

2 

Smitb 

1886 60 

3021 

0 39 

6 

Hall 

1887 54 

318 3 

0 49 

6-6 

Scbiaparelli 

1887 58 

3216 

0 42 

3 

Hall 

1888 47 

330 7 

0 46 

3-2 

Tarrant 

1888 62 

3431 

0 43 

11-9 

Scbiaparelli 

1888 63 

3414 

0 39 

4 

Hall 

1889 61 

867 9 

0.56 

4 

Burnbam 

1889 68 

364 4 

0 68 

3 

Schiaparelli 

1889 66 

06 

0.34 

4 

Hall 

1890.88 

94 

0.66 

4 

Burnbam 

1890 66 

13.2 

0 61 

4 

Hall 

1890 78 

16 0 

0 67 

3 

Scbiaparelli 

1891 66 

214 

06 

2 

Schiaparelli 

1891 67 

24 8 

0 64 

4 

Hall 

1891 60 

23 6 

0 90 

3 

Bigourdan 

1892 58 

291 

0 83 

4 

Comstock 

1892 62 

30 3 

0 87 

6-4 

Schiaparelli 

1892 63 

30 5 

0 90 

1 

Bigourdan 

1892 66 

316 

0 84 

4 

Hall 

1893 62 

36 0 

0 90 

1 

Bigourdan 

189443 

411 

119 

7 

Barnard 

1894 46 

38 0 

0.96 

4 

Hougb 

1894 64 

38 7 

117 

3 

Stone 

1894 77 

416 

116 

3 

Comstock 

1896 34 

412 

0 86 

1 

See 

1896 64 

44 0 

13? 

2-1 

Schiaparelli 

1895 60 

44 4 

116 

3 

Comstock 

1896 73 

43 7 

113 

*2 

See 

1895 73 

434 

134 

1 

See 

1895 73 

448 

110 

2-1 

Moulton 
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In July, 1856, Alvait Claek discovered that the bluish companion of 
fxJSercuhs = 2 " 2220 is a close double star 5 he estimated the magnitudes of 
the component to be 10 and 11 . The object was jfirst measuied by Dawes 
who predicted the bmaiy character of the system; by repeating his observa- 
tions in 1859 and 1864, he was able to announce a decided orbital motion. The 
object has since received considerable attention from the best obseivcrs, and 
the material now available for an orbit is sufScient to define the elements 111 a 
very satisfactory manner Owing to the faintness and difficulty of the pair, 
the measures must be carefully combined in order to get a satisfactory set of 
mean places, the distances of some observers are notably too small, and hence 
they aie omitted in forming the yeaily means Most of the early obscivations 
of Dawes seem to be affected by sensible crrois, and hence we give his worlc 
in fall. 


t 

Oo 

0 

Po 

» 


1867 472 

68 97 

1863 


1867 662 

60 08 

176± 


1869 660 

68 91 

2 304 

distance mdiffeient 

1869 691 

69 61 

1422 

obseivation veiy poor 

1869 757 

62 02 

2 040 

difficult m distance 

1864 431 

77 69 

1806 

undoubtedly binaiy 


■While measuring the wide pair in 1857, he observed that “ the stars B and 
C certainly point rather to the north of He gives the angle of /a Ilerculis 
relative to BC as 242° 2 , and hence we gather that the angle of the pair BC 
must have been at least 63°.0 Since the allineation of the two faint stars with 
iiHercuhs would probably be more exact than even mferometer settings, it 
seems certain that most of Dawes’ measured angles are too small; we have 
therefore chosen certain nights only in making up the means, and have selected 
the distances with some regard to the subsequent motion of the star This 
selection of Dawks’ material is necessaiy in order to represent satisfactorily 
the whole series of observations by an orbit based on both angles and distances. 
The following list gives the elements published by previous computers: 


P 

T 

e 

a 

Q 

t 

Ti 

Authority 

Source 

yrs 

+ 54 26 

+45 39 
+48 66 
42 09 

187713 , 
1880 142 
1839 685 
1880 43 

0 3023 

0 2139 

0 14853 

0 16922 

// 

146 

1369 

12807 

1366 

57‘95 
6211 
63 38 
62 65 

60°72 
67 01 
6618 
63 82 

166 36 

181 97 

182 06 
183 87 

Doberck, 1879 
Leuschner, 1889 
Celona, 1890 

Hall, 1894 

A 17, 2287 

Pub A S P , p 46 

A N , 2949 

A J , No 324 
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"We find the following elements of i^Herculis BG' 

P = 45 0 years = 61° 4 

T = 1879 80 4 = 64° 28 

e = 0 219 A. = 180° 0 

a = 1" 390 n = +8° 0 

Apparent orbit. 

Length of major axis = 2" 78 

Length of minor axis = 1" 148 

Angle of major axis = 61° 4 ^ 

Angle of periastron = 241° 4 

Distance of star from centre = 0" 304 

The period here given can hardly be in error by more than one year, 
while the uncertainty of the eccentricity probably does not surpass ±002 
The elements are therefore well defined, and may indeed be regarded as 
extraordinarily good for an object of such difficulty. 

CoMPAEisour OP Computed with Obsbevbd Places 


t 

So 

Oc 

Po 

Pc 

6o — 6e 

Po—Pc 

n 

Observers 

1857 47 

6,3°0 

61° 8 

It 

n 

1 69 

0 

+12 

ff 

1 

Dawes 

1857 56 

601 

62 0 

175± 

169 

-19 

+0 06 

1 

Dawes 

1859 70 

62 0 

66 9 

173 

166 

-4.9 

+0 08 

1-2 

Dawes 

1860 30 

67 7 

68 4 

1.64 

163 

-07 

+0 01 

1 

0 Struve 

1862 83 

78 6 

76 3 

160 

146 

+3 2 

+0 04 

1 

Struve 

1864 56 

78 2 

811 

176 

130 

-2 9 

-^046 

2-3 

Dawes 1 , Euglemanu 0-1 , Wirin, 1 

1865,44 

81,8 

84 9 

165 

120 

-86 

+0 36 

7-6 

Kuott 2-1 , Dembowski 6 


895 

912 

110 

106 

-17 

+0 06 

2 

0 Struve 

1867 58 

96 4 

97 2 

— 

0 94 

-18 



4 

Searle S , Winlock 1 

1868 56 

102 0 

1061 

0.88 

0 82 

-31 

+0 06 

2-1 

0 Struve 1 , Winlock 1-0 

1869 73 

1213 

118 0 

— 

0 69 

+3.3 



3 

Winlock 1 , Peirce 2 

1871 62 

166 8 

148 5 

0 62 

0 67 

+8 3 

+0 05 

1 

0 Struve 

1873 50 

185 6 

182 3 

0 63 

0 60 

+3 2 

+0 03 

1 

0 Struve 

1874 48 

202 4 

200 5 

0 76 

0 70 

+19 

+0 06 

4-2 

Newcomb 

1875 66 

217 8 

213 6 

118 

0 82 

+4 2 

+0 36 

12-3 

Sch. 6-0 , Hall 6-3, Holden 1 

1876 62 

219 7 

2216 

0 85 

0 92 

-19 

-0 07 

8-12 

Hall 4 , 0-2* 0-4 , Dembowski 4 

1877 59 

2310 

228 4 

0 96 

100 

+2 6 

-0 04 

13-8 

02 2 , Sch 6-0 , Hall 2 , Dem 4 

1878 50 

236 6 

234 0 

111 

106 

+1 6 

+0 06 

8-7 

13 6, Hall 2-0, 02 0-1 

1879 60 

239 0 

239 7 

0 94 

108 

-0 7 

-0 14 

19-8 

13 5, Hall 3, Seabrokell-0 

1880 63 

246 2 

246 9 

105 

107 

+0 3 

-0 02 

14 

^ 7, Hall 4, Frisby 3 

1881 49 

260 6 

2610 

0 97 

103 

-0 4 

-0 06 

10 

13 5 , Hall 5 

1882 65 

2612 

268 0 

0 97 

0 96 

+3 2 

+0 01 

18-6 

HI 4-0, KL2 1-0, Ho 3, 02 3, Sch 7-0 

1883 64 

264 6 

266 6 

0 80 

0 85 

-2.0 

-0 05 

16-8 

iS 3 , Ho 3 , HI 3-0 , Frisbj 2 , Sch 5-0 

1884 65 

273 0 

276 6 

0 77 

0 74 

-3 6 

+0 03 

4-1 

Hall 3-0, 02*1 

1886 56 

288 0 

288 6 

0 88 

0 65 

-0 6 

+0 23 

6-4 

Holetschek 2-1 , Hall 3 

1886 60 

3021 

305 5 

0 39 

0 68 

-3 4 

-0 19 

5 

Hall 

1887 56 

319 9 

324 4 

0 49 

0 66 

-4 6 

-0 06 

9-6 

Schiaparelli 6-6 , Hall 3-0 

1888 57 

342 3 

343 8 

0 44 

0 58 

-15 

-0 14 

15-11 

Tarrant 0-2 , Sch 11-9 , Hall 4-0 

1889 68 

359 3 

07 

0 67 

0 66 

-14 

-0 09 

8-7 

/3, 4 , Schiaparelli 0-3 , Hall 4-0 

1890 57 

12 6 

12 0 

0 62 

0 75 

+0 6 

-013 

11-7 

P 4 , Hall 4-0 , Schiaparelli 3 

1891 67 

23 3 

22 6 

0 90 

0 87 

+0 8 

+0 03 

9-8 

Schiaparelli 2-0 , Hall 4-0 , Big 3 

1892 62 

30 4 

29 9 

0 89 

100 

+0 6 

-0 11 

14-6 

Com 4-0., Sch 5-4 , Big 1 , Hall 4-0 

1893.62 

36 0 

35 4 

0 90 

112 

+0 6 

-0 22 

1 

Bigourdan 

1894 55 

39 9 

39 7 

117 

123 

+0 2 

-0 06 

CO 

Bar 7, Ho 4-0; Stone 3, Com 3 [See 1 

1895 65 

43 3 

43 6 

134 

133 

-0 2 

+0 01 

9-1 1 

See 1-0 , Sch 2-0 , Com 3-0 , See 2-0 , 
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T OPHICrOHI = 2'2262 


We remark the star is no'w wider than most obseivers have indicated by 
their recent measures. The distance for 1895 is based upon two nights’ woik, 
one of the observations being taken by Sohiapaeblli, the other by the writer 
at Madison and accidentally omitted in Astronomical Journal, !No 359. This 
observation is. 

1895 732 43“ 2 1" 34 In See 

The image® are noted as “good but faint” There is no douht that the 
distance is now at least T'.S, and it will increase for some yeais Obseiveis 
should follow this system carefully. The following is an ephemeiis 


t 

0e Pe 

t 

00 

Pc 

1896 60 

1897 60 

1898 60 

47° 0 1 43 

49 9 1 51 

52 6 1 68 

1899 60 

1900 60 

BBl 

67 5 

163 

167 


T opniucni 

= S 2262 . 




a = I?** 57'" 6 , 
6, yellowish , 

8 = — 8° 11' 

6, yellowish 




I)hi>coveTed by Sit W%lUam Her^chd, Apnl 28, 1783 


Obsebvations 


t 

00 

Po 

n 

Observeis 

t 

00 

Po 

n 

Observers 

1783 34 

S316 

elong 

1 

Herschel 

1843 11 

224°6 

080 

_ 

Kaisei 






1843 64 

228 8 

0 80 

11 

Madler 

1802 74 

360 ± 

elong 

1 

Herschel 

1843 61 

229 0 

0 96± 

2 

Dawes 

1804 44 

360 ± 

elong 

1 

Herschel 











1844 34 

229 8 

0 79 

2 

Madlei 

1826 71 

176 0 

cuneata 

1 

Struve 

1844 74 

218 7 

0 79 

1 

Challis 

1827 28 

146 0 

oblonga 

1 

Stiuve 










1846 66 

232 4 

0 87 

1 

0 Struve 

1836 68 

192 9 

0 36 

6-2 

Stiuve 











1846 22 

239 5 

100 

_ 

Jacob 

1836 62 

199 9 

0 44 

6 

Stiuve 

1846 61 

229 4 

0 78 

8 

Mitchell 

1837 70 

200 8 

0 36 

1 

Stiuve 

1846 69 

230 7 

0 97 

2 

0 Struve 

1840 61 

2231 

0 94 

1 

0 Struve 

1847 82 

233 9 

0 97 

1 

0 Stiuve 

1840 68 

2216 

0 88 

4-1 

Dawes 











1848 10 

229 7 

118 

2 

Mitchell 

1841 63 

217 3 

0 75 

8 

JVtadler 

1848 66 

232 7 

101 

1 

Dawes 

1841 60 

2281 

0 87 

3-2 

0 Struve 






1841 66 

226 7 

0 79 

6-1 

Dawes 

1850 77 

234 0 

10 

21 

Jacob 

1842 67 

225 6 

0 77 

6 

Madler 

1861 66 

239 4 

1 0 


Fletcher 

1842 64 

226 9 

— 

1 

Dawes 

1861 67 

238 2 

119 

1 

0 Struve 



r OPHIUOm = 222&2 


203 


t 

$0 

Po 

n 

Observers 

1852 65 

239 5 

If 

110 

2 

Jacob 

1852 65 

239 7 

123 

2 

0 Stiuve 

1852 66 

238 6 

127 

4-3 

Madlei 

1853 79 

238 3 

117 

4 

Madler 

1854 67 

238 0 

122 

1 

Dawes 

1854 70 

2361 

120 

1 

0 Struve 

1854 74 

238 2 

109 

3 

Madlei 

1855 49 

2381 

130 

3 

Dembowski 

1855 55 

236 9 

127 

2 

Secchi 

1855 67 

240 4 

131 

2 

0 Struve 

1856 24 

240 7 

120 

4 

Seccbi 

1856 58 

240 5 

120 

6 

Dembowski 

1856 62 

242 6 

129 

1 

Winuecke 

1857 55 

239 6 

126 

3 

Secchi 

1857 63 

2414 

120 

4 

Dembowski 

1857 67 

240 2 

144 

2 

0 Stiuve 

1858 20 

243 6 

141 

— 

Jacob 

1858 52 

2418 

120 

6 

Dembowski 

1858 64 

240 7 

133 

3 

Madlei 

1858 71 

240 9 

147 

1 

0 Struve 

1859 63 

242 7 

ik 

1 

0 Struve 

1860 77 

246 8 

1.30 

1 

Secchi 

186160 

244,4 

129 

3 

Madler 

i86i6S 

242,9 

143 

1 

0 Struve 

1863 05 

2446 

140 

13 

Dembowski 

1863 67 

246 5 

120 

4 

Knott 

1864 47 

247 8 

192 

2 

Englemann 

1865 62 

249 4 

140 

— 

Kaiser 

1866 60 

2431 

123 

1-2 

Leyton Obs 

1866 72 

2441 

161 

1 

0 Struve 

1866 89 

245 9 

142 

13 

Dembowski 

1866 43 

246 3 

166 

3-2 

Leyton Obs 

1866 68 

247 5 

2 48 

3-2 

Winlock 

1866 69 

247 7 

166 

2-3 

Searle 

1866 62 

243 3 

176 

1 

0 Struve 

1866 72 

247 6 

160 

2 

Secchi 

1867 66 

2515 

2 49 

2-1 

Winlock 

1867 98 

246 0 

143 

9 

Dembowski 

1868 67 

247 6 

129 

3 

0 S Peirce 

1868 68 

246 4 

— 

1 

Leyton Obs 

1868 61 

249 6 

144 

1 

Winlock 

1869 66 

248 4 

— 

1 

Leyton Obs 

1869.64 

248 2 

141 

6 

Dun^r 

1869 73 

246 0 

141 

1 

0 8 Peirce 


t 

6o 

Po 

n 

Observers 

1870 04 

247°3 

ft 

143 

8 

Dembowski 

1870 71 

260 7 

126 

1 

Dun^r 

1871 66 ' 

2510 

131 

2 

Dun^r 

1872 01 

247 8 

166 

8 

Dembowski 

1872 68 

248 1 

169 

1 

0. Struve 

1873 64 

248 9 

212 

1 

Leyton Obs 

1874 08 

248 6 

160 

•8 

Dembowski 

1874 67 

260 7 

148 

1 

Leyton Obs 

1874 67 

2511 

163 

1 

0 Stiuve 

1876 61 

248 9 

161 

8 

Schiaparelli 

1876 02 

249 3 

1 67 

10 

Dembowski 

1876 60 

247 6 

173 

3 

Schiaparelli 

1876 62 

260 4 

2 06 

1 

Stone 

1876 64 

2511 

172 

3 

Hall 

1876 67 

248 2 

1 78 

1 

Waldo 

1876 70 

246 6 

168 

1 

0 Struve 

1877 65 

249 0 

163 

4 

Hall 

1877 61 

250 5 

190 

8 

Cincinnati 

1877 66 

248 6 

164 

7 

Schiaparelli 

1878 02 

260 4 

172 

8 

Dembowski 

1878 62 

264.1 

169 

2 

Doberck 

1879 36 

247 9 

163 

2 

Burnham 

1879 41 

2601 

178 

26-26 

Cincinnati 

1879 72 

250 3 

174 

6 

Schiaparelli 

1880 07 

249.7 

178 

3 

Cincinnati 

1880 66 

2616 

180 

6 

Schiaparelli 

1880 66 

2611 

164 

2 

Hall 

1880 67 

252 2 

189 

3 

Jedrzajewicz 

1881 66 

2613 

171 

3 

Hall 

1881 79 

262 7 

167 

2 

Smith 

1882 49 

262 0 

2.06 

3 

H C Wilson 

1882 64 

263 3 

173 

3 

Hall 

1882 60 

2621 

186 

7 

Schiaparelli 

1882 62 

260 8 

213 

1 

0 Struve 

1883 38 

264.6 

184 

9 

Englemann 

1883 61 

2621 

166 

3 

Perrotin 

1883 63 

263 0 

2 37 

2-1 

H 0 Wilson 

1883 65 

263 8 

160 

1 

Seabroke 

1883 68 

263 4 

1 78 

6 

Hall 

1883 61 

262.0 

183 

6 

Schiaparelli 

1883.66 

264 8 

179 

3 

Jedrzejewicz 

1884 41 

263 6 

194 

1 

H 0 Wilson 

1884 60 

263 0 

182 

3 

Hall 

1884 78 

261.6 

1.74 

6 

Schiaparelli 
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T OPHnrOHI = ^2262 


t 

(9. 

Po 

n 

Observers 

1886 48 

258°1 

179 

3 

Tarraat 

1885 56 

263 6 

166 

4 

Hall 

1885 5T 

2612 

176 

4 

de Ball 

1885 58 

256 0 

2 01 

6 

Jedrzejewicz 

1886 22 

254 8 

198 

7 

Englemann 

1886 64 

264 0 

167 

4 

Hall 

1886 62 

266 2 

185 

6 

Jedrze3ewicz 

188T 09 

252 0 

172 

4 

Schiapaielli 

1887 67 

262 6 

181 

4 

Hall 

1888 66 

2531 

170 

5 

Hall 

1888 61 

254 4 

171 

4 

Schiapaielli 

1888 71 

256 2 

180 

3 

Maw 

1889 57 

265 6 

2 23 

2 

Glaseuapp 

1889 68 

263 5 

169 

1 

Schiapaielli 


t 

6o 

Po 

n 

Obseivcis 

1890 67 

264°6 

178 

1 

Hayii 

1891 48 

257 6 

20± 

1 

See 

1892 65 

256 2 

176 

4 

Schiciiiaiolli 

1892 58 

264 6 

178 

4 

Comstock 

1893 50 

2641 

181 

3 

Maw 

1893 70 

264 7 

183 

1 

JhgouuUti 

1894 59 

264 4 

188 

2 

Glaseiuipp 

1894 77 

264 7 

164 

3 

Comstock 

1894 78 

263 2 

191 

1 

Bigouiclau 

1895 66 

2661 

1 78 

3 

Schiapai elh 

1896 58 

266 4 

198 

2 

Collins 

1896 69 

263 4 

194 

5 

Schwa izsc lulcl 

1895 72 

264 7 

186 

4 

Sec 

1895 72 

267 8 

190± 

2 

Moulton 


Since the discovery of this double star in 1783, the radius vector of the 
companion has swept over an arc of 286° But while the length of the aic 
would ordinarily he suflSlcient to fix the character of the orbit, it happens un- 
fortunately in this case that the observations are neither very consistent nor 


very well distributed over the arej and since hy far the greater number of 
observed positions he in the sixty degrees deseiibed since 1836, a satisfactory 
determination of the elements is embariassed hy difl&culties of a somewhat 


formidable eharacter. But when we examine Hkesoiibl’s angle of 1783 in the 


light of his remarks, theie seems to be every reason to legard it as fairly 
correct In his notes on the observation of rOpA^wc/w, he says. “The closest 
of all my double stars can only be suspected with 460, but 932 confirms it to 
be a double star. It is wedge-formed with 460; with 932 one-half of the small 
star, if not three-quarters, seems to be behind the large star. The morning is 
so fine that I can hardly doubt the reality; but according to custom, I shall 
put It down as a phenomenon that may be a deception ” If we depend on the 
approximate accuracy of Hbrbohbl’s earliest measure, and deduce the areal 
velocity from the most recent observations, where both angles and distances 
can be relied upon, we are led to an orbit which will not dijffer greatly from 
the truth. The following orbits have been published by previous investigators : 


P 

T 

e, 

a 

Q, 

1 

il 

Authonty 

Source 

8^036 
120 0 
186 2 
217 87 

1840 07 
1824 8 
1820 63 
1818 60 

0 03746 
0 676 

0 6818 

0 6066 

08178 

nil 

1193 

0 / 
65 6 
130 0 
69 31 
67 1 

0 1 
61 47 
48 30 
53 6 
46 8 

145°40 
146 6 
28 35 
3626 

Madler, 1847 
Hind; 1849 
Doberok, 1877 
Doberck, 1877 

Tixt Syst, 1,266 
MN, IX, p 146 
AN, 2037 

AN, 2041 
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'We find the following elements of t Oplnuchi • 

P = 230 0 yeais ft = 76° 4 

T = 1815 0 ^ = 57° 6 

e = 0592 X = 18° 05 

a = 1"2496 n = +1°5C62 

Apparent orbit: 

Length of major axis = 2" 46 

Length of minor axis = 1" 09 

Angle of major axis = 80° 0 

Angle of periastion = 85° 8 

Distance of star fiom centre = 0" 712 

The accompanying table shows that this orbit gives a very satisfactory 
representation of both angles and distances. 

OOMPARISOIT OP COMPUTKD WITH OBSERVED PlACES 


t 

do 

do 

Po 

Pc 

Oo — Oc 

po — Pc 

n 

Observois 

1783 34 

33l'’6 

313°7 

n 

olongatpd 

It 

0 76 

+ 17°9 

a 

1 

Heischel 

1802 74 

360 ± 

318 

elongatc‘d 

0 49 

-31 8 

— 

1 

Heiscliel 

1804 44 

300 ± 

45 5 

elongated 

0 61 

-46 6 

— 

1 

Herschel 

1826 50 

1610 

164 6 

oblonga 

0 37 

- 36 


2 

Stiuve 

1835 68 

192 9 

2112 

0 36 

0 61 

-18 3 

-0 26 

6-2 

Struve 

1836 62 

199 9 

213 8 

0 44 

0 64 

-18 9 

-0 20 

6 

Struve 

1837 70 

200 8 

216 6 

0 86 

0 68 

-16 8 

-0 83 

3 

Struve 

3,840 60 

222 3 

222 3 

0 91 

0 78 

± 00 

+013 

6-2 

0 Struve , Dawes 4-1 

1841 60 

2237 

224 2 

0 80 

0 82 

- 06 

-0 02 

16-11 

Madler 8 , 0^ 3-2 , Dawes 6-1 

184560 

226.2 

226.7 

0 77 

0 84 

+ 06 

-0 07 

6-6 

Madler 6 , Dawes 1-0 

1843 41 

227 6 

227 0 

0 86 

0 88 

+ 06 

-0 03 

12+ 

Kaiser — , Madler 11 , Dawes 2 

1844 54 

229 8 

228 3 

0 79 

0 91 

+ 16 

-012 

2-3 

Madlei 2 , Challis 0-1 

1845 66 

232 4 

229 9 

0 87 

0 95 

+ 26 

-0 08 

1 

0 Struve 

1846 47 

233 2 

230 8 

0 92 

0 98 

+ 24 

-0 06 

10+ 

Jacob — , Mitchell 8, 02 2 

1847 82 

233 9 

232 4 

0 97 

102 

+ 16 

-0 06 

1 

0 Stiuve 

1848 66 

232 7 

233 2 

101 

104 

- 06 

-0 03 

1 

Dawes 

1860 77 

234 0 

236 2 

1 00 

110 

- 12 

-010 

21obs 

Jacob 

1861 66 

238 2 

236 0 

109 

113 

+ 22 

-0 04 

1+ 

Fletcher — , 0^ 1 

1862 66 

239 3 

236 8 

120 

116 

+ 26 

+0 04 

8-7 

Jacob 2, 011 2, Madler 4-3 

1868 79 

238 3 

237 6 

117 

119 

+ 07 

-0 02 

4 

Madler 

1864 70 

237 4 

238 6 

1 17 

122 

- 11 

-0 06 

6 

Dawes 1 , OS Madler 3 

1866 57 

238 6 

2391 

128 

124 

- 06 

+0 04 

7 

Dembowski 3 , Secchi 2 , OS 2 

1856 48 

240 6 

239 7 

123 

126 

+ 09 

-0 03 

11-10 

Secohi 4 , Dembowski 6 , Winn 1 

1867 62 

240 4 

240 6 

130 

130 

- 01 

±0 00 

9 

Secchi 3 , Dembowski 4 , 02* 2 

1858 63 

2417 

2411 

136 

132 

+ 06 

+0 03 

10+ 

Jacob — , Dem 6 , Madler 3 , OS 1 

1869 63 

242 7 

2418 

164 

134 

+ 09 

+0 30 

1 

0 Struve 

1860 77 

246 8 

242 6 

130 

1 37 

+ 32 

-0 07 

1 

Secchi 

1861 62 

243 7 

243 3 

136 

139 

+ 04 

-0 03 

4 

Madler 3 , 02* 1 

1863 31 

245 6 

243 9 

130 

142 

+ 16 

-012 

17 

Dembowski 13 , Knott 4 

1864 47 

247 8 

244 6 

192 

146 

+ 32 

+0 47 

2 

Englemann 

1865 68 

246 5 

245 2 

139 

147 

+ 13 

-0 08 

14-16 

Kaiser — , Ley 1-2 , OS 1 , Dem 13 

1866 59 

246 6 

246 6 

166 

149 

+ 09 

+017 

8 

Ley 3-2, Wk 3-0, Si 2-3, OS 1, 

1867 77 

248 7 

246 2 

143 

161 

+ 26 

-0 08 

11-9 

Winlook 2-0 , Dembowski 9 [Sec 2 

1868 69 

247 8 

246 6 

1 37 

163 

+ 12 

-016 

4-3 

Peirce 3 , Leyton 1-0 , Winlock 1 

1869 64 

248 3 

247 0 

141 

166 

+ 13 

-014 

7 

Leyton 1-0 , Dun^r 6 , Pence 1 

1870 37 

249 0 

247 3 

136 

1 66 

+ 17 

-0 21 

9 

Dembowski 8 , Dun^r 1 
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T OPHIUOHI 



t 

(9. 

»c 

Po 

Pc 

9o — 6c 

Po pc 

n 

Observers 


0 

O 

a 

» 

o 

// 



1871 66 

2610 

248 0 

131 

169 

+3 0 

-0 28 

2 

I>mtx6v 

1872 30 

248 0 

248 3 

162 

160 

-0 3 

+0 02 

9 

Dembowski 8 , 1 

1873 64 

248 9 

248 8 

212 

162 

+01 

+0 60 

1 

Leyton Observers 

1874 44 

2601 

2491 

167 

163 

+10 

-0 06 

10 

Dembowski 8 , Leytbn 1 , 1 

1876 61 

248 9 

249 6 

161 

165 

-0 7 

-0 04 

8 

Schiaparelli rO^ 1 

1876 64 

249 6 

260 0 

175 

167 

-04 

+0 08 

17-19 

DemlOjSch 3;8tl;Hl 3; Wdo 1, 
Hall 4, Cincinnati 8 , Schiaparelli 7 
Dembowski 8 , Doberck 2 

1877 61 

249 4 

260 4 

169 

168 

-10 

+0 01 

19 

1878 27 

250 4 

250 6 

171 

169 

-02 

+0 02 

8-10 

1879 49 

249 4 

2611 

172 

171 

-17 

+0 01 

33-32 

p 2 , Cincinnati 26-25 , Sch 6 

1880 51 

2611 

2616 

178 

172 

-0 4 

+0 06 

14 

Cxn 3, Sch 6, HaU2, Jed 3 

1881 67 

262 0 

2619 

169 

174 

+01 

-0 05 

5 

Hall 3, Smith 2 

1882 66 

2621 

262 2 

188 

176 

-01 

+013 

14-13 

HOW 3, H13, Soh7, O.T 1-0 

1883 63 

262 8 

262 6 

184 

176 

+0.2 

+0 08 

17-28 

En 9, Per 3, H 0 W 2-1, Sea 1, HI 5, 

1884 60 

262 7 

262 9 

183 

177 

-02 

+0 06 

10 

HOWl, H13| Sch6 [SohCiJedS 

1885 56 

263 6 

263 2 

181 

178 

+03 

+0 03 

13-16 

Tar 3 , Hall 4; deBall 4 , Jed 6 
Englemanu 7 , Hall 4 , Jed 6 

1886 46 

264 4 

263 6 

183 

180 

+0 8 

+0 03 

11-17 

1887 33 

252 3 

263 9 

177 

181 

-16 

-0 04 

3 

Schiaparelli 4, Hall 4 

1888 64 

254 2 

264 3 

175 

182 

-01 

-0 07 

8 

Hall 6, Maw 3 

1889 67 

256 6 

264 6 

213 

183 

+10 

+0 30 

2-1 

Glasenapp 

1890 67 

254 6 

264 9 

178 

184 

-0 3 

-0 06 

1 

Ha3na 

1891 48 

267 6 

266 2 

2 ± 

186 

24 

+0 16 ± 

1 

See 

1892.68 

264 6 

265 6 

178 

186 

-09 

-0 07 

4 

Comstock 

1893 60 

2641 

265 8 

181 

186 

-17 

-0 06 

3 

Maw 

1894 68 

264 6 

266 2 

176 

187 

-17 

-on 

6 

GHasenapp 2 ; Comstock 8 

1895 72 

266 2 

266 6 

186 

188 

-0 3 

-0.02 

6-4 

See 4 , Moultoa 2-0 


The following is an ephemeris for the next fiye years: 


t 

00 

o 

Pc 

r 

1896 60 

266 7 

188 

1897 60 

267 0 

189 

1898 60 

267 3 

190 


1899 50 

1900 60 


It will be evident from what has been said that this orbit is still open, to 
some uncertainty, but a material improvement in the elements w21 not be 
possible for many years. Since the companion is at present nearing the Spes^ 
tron of the apparent ellipse, the motion will continue to be very slowj yi^ the 
pair will still be worthy of occasional attention from observers, ■ .the 

|3%rj@4 fonnd above is perhaps uncertain to the extent of 15 year% net 

seewi probable that the eccentricity can be in error by more than 
, there is no probability that even the lapse of 

these elements of t OpMucM. 
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70 OPHItJCHI = S2272. 

a = ISii O” 4 , 8 = +2° S3' 

4 5, yellow , 6, purplish 

Discovered by Sir William Sersohel, August 7, 1779. 


Observations 


t 

Bo 

Po 

n 

Observers 

1779 77 

90° 

ff 

1 

Herscliel 

1781 74 

80 8 

4 45 

1-2 

Herscliel 

1802 34 

3361 

— 

1 

Hersohel 

1804 42 

318 8 

— 

2 

Herscliel 

1819 64 

168 6 

— 

6 

Stiuve 

1820 77 

160 2 

~ 

2 

Stiuve 

1821 74 

157 6 

— 

5 

Struve 

1822 42 

164 8 

4 27 

2 

H and So 

1822 64 

153 9 

— 

3 

Struve 

1825 66 

1481 

4 76 

14 

South 

1826.67 

148 2 

3 98 

14 

Struve 

182f,C^ 

iWi 

' ' f ‘ ^ 

* 4^7 

2 

iStrtive 


iS$ 

' 63^ 

1 

Hersohel 

1828 71 

1M)2 

4 78 

4 

Struve 

1829 69 

1381 

6 08 

6 

Struve 

1829 60 

140 6 

— 

1 

Hersohel 

1830 39 

138 2 

6 01 

9 

Hersohel 

1830 50 

136 8 

6 47 

10 

Bessel 

18^0 ^7 

137 3 

6 63 

6 

Dawes 

18 |^, 8 i 4 ,‘ 

136 7 

6 31 

2 

Struve 

18SiiS3 

1*.6 

6 94 

8-6 

Hersohel 

18^1 63 

iko 

6 68 

7 

Bessel 

1831 68 

134 7 

641 

6 

Stiuve 

1832 56 

133 8 

6 71 

3 

Dawes 

1832 57 

136 4 

6 36 

4-3 

Hersohel 

1832 69 

133 0 

6 79 

6 

Bessel 

1833 42 

132 8 

614 

1 

Dawes 

1834 47 

1311 

6 85 

4 

Struve 

1^834 67 

130 6 

613 

7 

Dawes 


130 8 

613 

7 

Bessel 


J.30 7 

611 

5 

Struve 


t 


Po 

n 

Observers 

1836 42 

128°9 

6 38 

8 

Madlex 

1836 51 

127 7 

6 48 

4 

Encke 

1836 62 

129 6 

6 34 

5 

Bessel 

1836 66 

129 5 

6 15 

8 

Stiuve 

1837 13 

127 7 

6 47 

3 

Dawes 

1837 46 

128 3 

6 74 

4 

Encke 

1837 60 

127 5 

6 46 

16 

Bessel 

1837 72 

128 0 

6 15 

4 

Stiuve 

1838 57 

126 6 

6 64 

7 

Galle 

1839 52 

125 2 

6 78 

2 

Galle 

1839 65 

126 9 

6 66 

2 

Dawes 

1840 36 

128 0 

6 00 


Kaiser 

1840 48 

126 6 

6 62 

10 

0 Struve 

1840 69 

124 9 

6 63 

4 

Dawes 

1841 60 

126 4 

6 40 

8 

Madler 

1841 65 

123 4 

6 64 

5 

Kaiser 

1841 68 

123 4 

6 63 

4 

Dawes 

1841 74 

123 8 

6 85 

7 

Be and Sol 

1842 31 

1261 

6 63 

8 

0 Struve 

1842 63 

124 6 

6 25 

3 

Madler 

1842 53 

123 3 

6 72 

2 

Dawes 

1842 69 

122 6 

6 48 

22 

Kaiser 

1842 60 

123 5 

6 79 

18 

Schltiter 

1843 47 

122 0 

— 

1 

Dawes 

1843 62 

121 1 

6 70 

3 

Encke 

1843 68 

1231 

6 44 

16 

Madler 

1844 36 

120 7 

6 84 

6 

Encke 

1844 62 

122 0 

6 48 

6 

Madler 

1846 43 

120 8 

6 77 

9 

Hind 

1845 48 

1210 

6 66 

5 

0 Struve 

1846 64 

120 8 

6 68 

16 

Madler 

1846 25 

120 2 

6 83 

1 

Jacob 

1846 46 

1201 

614 

7 

Hind 

1846 56 

117 1 

7 43 

— 

Durham obs 

1846 58 

119 8 

6 65 

10 

Madler 
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t 

eo 

Po 

n 

Obseiveis 

1847 25 

120°5 

6 56 

4 

0 Stiiive 

1847 45 

117 2 

719 

— 

Durham obs 

1847 69 

120 3 

— 

1 

Mitchell 

1847 60 

118 6 

6 79 

8 

Madlei 

1848 12 

118 8 

6 80 

3 

Dawes 

1848 49 

118 4 

6 84 

4 

Madler 

1848 62 

118 0 

68 

2 

Doiid 

1849 39 

1181 

6 64 

5 

0 Stiuve 

1850 42 

116 8 

6 88 

8 

Badcliffe 

1850 49 

115 2 

6 86 

2 

Worster & Ja 

1860 64 

116 7 

6 94 

4 

Madlei 

1860 66 

117 0 

6 46 

4 

Dletchei 

1861 20 

115 2 

6 65 

4 

Madlei 

1861 58 

115 8 

6 38 

8 

Fletchei 

1851 67 

1154 

6 34 

5 

0 Stiuve 

1851 73 

115 6 

6 67 

7 

Madler 

1862 63 

116 0 

6 36 

6 

Fletcher 

1852 67 

115 0 

6 56 

6 

0 Stiuve 

1862 71 

114 7 

6 56 

11 

Madlei 

1852 74 

114 0 

6 73 

16 

Jacob 

1863 55 

113 6 

, 

9 

Powell 

1853 55 

116 5 

6 36 

6 

Dembowski 

1853 62 

114 6 

6 49 

6 

Dawes 

1864 08 

113 6 

6 36 

21 

Jacob 

186424 

113 0 

6 51 

- 2 

Jacob 

185424 

113 3 

6 61 

6 

0 Stiuve 

1854 64 

113 4 

6 23 

12 

Dembowski 

1854 67 

113 0 

6 27 

10 

Madler 

1854 73 

113 7 

6 34 

3 

Dawes 

185478 

112 9 

— 

3 

Powell 

1855 03 

115 3 

6 86 

2 

Luther 

185646 

1116 

6 25 

3 

Seaile 

1855 66 

114 2 

6 34 

1 

Wmnecke 

1856 63 

112 7 

6 33 

6 

Madler 

1865 69 

113 3 

6 47 

2 

Dawes 

1865 75 

112 4 

— 

7 

Powell 

1865 82 

— 

7 23 

1 

Schmidt 

1856 09 

1118 

6 44 

5 

0 Struve 

1866.33 

1115 

6 40 

7 

Jacob 

1856 50 

1116 

6 32 

3 

Madler 

1856 50 

112 6 

6 40 

8 

Winnecke 

1856 56 

1112 

612 

3 

Secchi 

1866 63 

111 8 

6 38 

6 

Dembowski 


t 

6o 

po 

n 

Observers 

1857 IS 

110°6 

645 

3 

Jacob 

1857 41 

112 5 

619 

1 

Winnecke 

1857 61 

110 4 

6 20 

4 

Secchi 

1857 58 

110 3 

6 62 

2 

Dawes 

1857 64 

109 5 

6 25 

4 

Dembowski 

1857 67 

110 2 

615 

2 

Morton 

1857 69 

1101 

6 40 

4 

0 Stiuve 

1868 12 

109 7 

610 

3 

Jacob 

1858 39 

108 6 

6 08 

2 

Moiton 

1858 44 

3 09 3 

6 04 

4 

Dembowski 

1858 63 

108 9 

6 83 

9 

Madler 

1859 30 

109 0 

6 20 

5 

0 Stiuve 

1859 72 

109 3 

6 24 

4 

Dawes 

1859 76 

109 0 

6 44 

5 

Auwers 

1869 76 

107 8 

610 

6 

Powell 

1869 80 

107 0 

6 25 

1 

Madlei 

1860 61 

106 3 

6 07 

3 

Secchi 

1860 74 

109 0 

6 41 

- 

Luther 

1860 76 

106 7 

6 52 

6 

Auwers 

1861 46 

107 0 

6 89 

1 

EadolijEEe 

1861 69 

106 6 

6 92 

7 

Madler 

1861 74 

106 0 

6 21 

6 

Auwers 

1861 81 

105 4 

58 

3 

Powell 

1862 40 

105 6 

5 86 

3 

0 Struve 

1862 66 

106 0 

6 05 

1 

Winnecke 

1862 62 

105 5 

6 72 

9 

Dembowski 

1862 72 

106 2 

6 69 

6 

Madler 

1863 47 

104 0 

6 07 

11 

Adolph 

1863 61 

1041 

6 28 

2 

Secchi 

1863 51 

104 2 

6 60 

9 

Dembowski 

1863 65 

104 5 

6 76 

1 

Talmage 

1863 68 

106 2 

519 

1 

Ferguson 

1863 64 

106 8 

6 82 

5 

Hall 

1864 48 

104 8 

5 42 

2 

Englemann 

1864 60 

103 5 

5 45 

11 

Dembowski 

1865 30 

102 6 

6 27 

8 

Englemann 

1866 61 

102 7 

5 43 

4 

Secchi 

1866 61 

102 3 

5 35 

9 

Dembowski 

1866 66 

103 9 

5 24 

2 

Talmage 

1865 62 

100 6 

6 31 

20 

Kaiser 

1866 13 

1016 

6 26 

8 

Dembowski 

1866 29 

1010 

6 29 

6 

0 Struve 

1866 49 

1018 

5 26 

5 

Talmage 

3866 64 

100 8 

6 60 

4 

Harvard ' 

1866 69 

1011 

6 27 

3 

Secchi 
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i 

00 

Po 

n 

Observers 

1867 41 

98°! 

633 

1 

Eadcliffe 

1867 44 

99 8 

6 22 

2 

Knott 

1867 62 

100 6 

— 

1 

Talmage 

1867 67 

100 4 

6 06 

7 

Dembowski 

1867 67 

99 2 

610 

3 

Harvaid 

1868 47 

98 4 

4 86 

7 

Dembowski 

1868 66 

98 5 

4 98 

2 

Knott 

1868 67 

99 9 

611 

2 

Eadcliffe 

1868 64 

1011 

6 41 

1 

Talmage 

1868 72 

97 6 

4 84 

4 

Dun^r 

1868 72 

991 

4 69 

2 

0 Stiuve 

1868 90 

98 0 

4 92 

6 

Biiinnow 

1869 68 

100 2 

6 31 

1 

Talmage 

1869 69 

96 9 

4 69 

3 

Diin^i 

1869 73 

981 

612 

1 

Pence 

1869 91 

96 6 

4 70 

8 

Dembowski 

1870 61 

94 0 

4 4 

2 

Gledhill 

1870 61 

94 1 

4 65 

8 

Dembowski 

1870 52 

94 4 

4 62 

2 

Talmage 

1871 48 

92 6 

4 30 

2 

W & S 

1871 49 

94 9 

4 42 

2 

Eadcliffe 

1871 61 

90 8 

4 61 

2 

Peiroe 

1871 if$ 

92 8 

4 27 

8 

Dembowski 

1871 66 

oer 

4 36 

1 

Talmage 

1871 69 

949 

4 30 

3 

Knott 

1871 64 

92 7 

4 29 

3 

Gledliill 

1871 72 

92 6 

4 20 

1 

Dun^r 

1872 47 

91 8 

419 

2 

Biunnow 

1872 49 

9] 6 

4 30 

3 

Perraii 

187249 

90 8 

4 28 

2 

Eadcliffe 

187249 

90 7 

4 04 

9 

Dembowski 

1872 61 

916 

4 29 

3 

W & S 

1872 60 

93 6 

4 08 

4 

0 Struve 

1873 51 

89 6 

3 90 

1 

Gledhill 

1873 61 

88 8 

3 89 

8 

Dembowski 

1873 61 

88 8 

4 10 

1 

w &s 

1873 56 

84 7 

3 96 

1 

Talmage 

1873 71 

88 8 

4 22 

3 

Eadcliffe 

1874 48 

88 8 

4 01 

4 

Eadcliffe 

1874 67 

86 1 

3 66 

8 

Dembowski 

1874 68 

88 6 

3 67 

1 

Talmage 

1874 69 

87 6 

3 79 

3 

0 Struve 

1874.73 

87.6 

3 92 

1 

Gledhill 


t 

60 

Po 

n 

Observers 

1876 62 

83°7 

348 

9 

Dembowski 

1875 62 

841 

3 44 

8 

Schiaparelli 

1876 68 

84 8 

3 84 

4 

Eadcliffe 

1876 48 

82 1 

3 56 

6 

Schur 

1876 62 

78 9 

3 46 

2 

Doberck 

1876 62 

80 9 

3 32 

7 

Dembowski 

1876 64 

80 2 

3 65 

3 

Plummer 

1876 69 

813 

3 39 

6 

Schiapaielli 

1876 64 

80 9 

3 66 

3 

Hall 

1876 64 

81 6 

3 27 

4 

J edrzejewicz 

1876 66 

79 7 

3 72 

1 

Waldo 

1877 61 

77 6 

3 08 

8 

Dembowski 

1877 62 

77 6 

3 47 

2 

Dobeick 

1877 55 

76 8 

3 36 

4 

Hall 

1877 58 

79 4 

318 

10 

Jedrzejewicz 

1877 66 

78 6 

3 39 

8 

Plummer 

1877 66 

77 3 

312 

10 

Schiaparelli 

1877 68 

78 5 

312 

4 

Cincinnati 

1877 68 

79 6 

316 

4 

Schiii 

1878 51 

74 6 

2 96 

7 

Dembowski 

1878 64 

75 3 

3.04 

3 

Seabroke 

1878 64 

76 6 

3 03 

4 

Doberck 

1878 72 

71.9 

313 

4 

Goldney 

1879 41 

69 2 

2 84 

18 

Cincinnati 

1879 60 

69 8 

2 84 

10 

Schiapaielli 

1879 59 

713 

2 93 

6 

Hall 

1879 64 

67 9 

2 94 

6 

Cincinnati 

1879 66 

70 3 

3 04 

4 

Seabroke 

1879 66 

68 6 

3 01 

6 

Jedizejewicz 

1880 47 

66 8 

2 44 

3 

Doberck 

1880 49 

621 

2 69 

6 

Pranz 

1880 67 

66 6 

2 76 

6 

Hall 

1880 66 

64 9 

2 69 

10 

Schiaparelli 

1880 66 

62 8 

2 76 

6 

Jedrzejewicz 

1880 74 

62 7 

2 66 

2 

Seabioke 

1881 23 

617 

2 80 

2 

Doberck 

1881 63 

60 6 

2 49 

6 

Hall 

1881 72 

56 3 

2 46 

2 

Bigourdan 

1881 77 

62 7 

2 46 

2 

Seabioke 

1882 49 

62 3 

2 92 

1 

Wilson 

1882 52 

66 7 

2 29 

2 

Dorberck 

1882 67 

661 

2 31 

7 

Hall 

1882 61 

618 

2 33 

9 

Schiaparelli 

1882 62 

48 8 

2 26 

4 

Jedrze]ewicz 

1882 69 

612 

2 96 

3 

Seabroke 

1882 72 

61.6 

2.31 

4 

Englemann 



210 


70 OPHIUOHI = ^2272 


t 

$0 

Po 

1883 49 

45°6 

228 

1883 68 

400 

2 36 

1883 62 

43 7 

2 21 

1883 64 

42 2 

2 22 

1883 68 

45 2 

2 61 

1883 68 

440 

2 30 

1883 72 

43 6 

2 26 

1884 41 

37 6 

2 30 

1884 53 

35 9 

218 

1884 56 

34 6 

2 09 

1884 59 

37 6 

216 

1884 62 

35 3 

2 07 

1884 69 

36 2 

2 20 

1884 70 

348 

245 


n Observers 

4 Perrotiix 

8 Seagrave 

15 Schiapaielli 

6 Jedrze^ewicz 

3 Ktlstner 

3 Seabioke 

6 Englemanii 

1 Wilson 

1 Piitchett 

6 Periotin 

7 Hall 

8 Schiaparelli 

6 Englemanii 

3-1 Seabroke 


1886 60 

26 0 

2 08 

1886 66 

251 

197 

1886 67 

29 6 

188 

1886 64 

243 

2 07 

1885 66 

26 6 

2 07 

1886 71 

234 

219 

1886 63 

13 8 

198 

1886 66 

15 3 

197 

1886 66 

13 7 

2 01 

1886 66 

141 

181 

1886 67 

14 8 

188 

1886 67 

16 6 

2 01 

1887 66 

369.6 

■ 

1887 61 

3.6 

192 

1887 63 

43 

1.87 

1887 81 

36 

191 


4 Peirotm 

4-2 Sea <& Sm 

7 Hall 

8 Englemann 
2 Sohiapaielli 

6 Jedrzojewiez 

7 Hall 

7 Pei rotin 

7 Jedizejemcz 
14 Scliiaiiarelli 

7 Englemanii 

4-2 Smith 

1 Smith 

6 Hall 

18 Schiaparelli 
4 Tairant 


188^41 
1888 
1888 57 
1888 62 
1888 64 
1888 ^ 
1888.66 
1888,85 

‘ 1889 SO 
W948 
1889.60 



352 7 
3645 

353.4 
365 4 
3661 

362.4 
364 7 
3631 

348 7 
344.9 
346 7 
3445 
346 4 
344 9 
348.6 


2 07 

3 

Comstock 

217 

4 

Maw 

2.02 

6 

Hall 

2 00 

3 

Giaoomelli 

1.88 

10-9 

Schiaparelli 

214 

1 

Leavenworth 

2 66 

3 

Copeland 

192 

6 

Tarrant 

216 

2 

Burnham 

1.60 

2 

Hodges 

218 

5 

Comstock 

210 

6 

Hall 

196 

6 

Maw 

199 

17-16 

Schiapaielli 

184 

4 

Schur 


t 

Bo 

Po 

n 

1890 42 

338°5 

240 

2 

1890 49 

338 3 

2 42 

8 

1890 56 

336 8 

213 

7 

1890 61 

336 5 

2 01 

3 

1890 61 

336 6 

216 

1 

1890 70 

334 8 

2 02 

6 

1890 70 

334 9 

2 22 

16 

1890 73 

3361 

216 

9 

1891 64 

328 3 

211 

4 

1891 56 

327 5 

2 23 

6 

1891 58 

3291 

216 

6 

1891 69 

326 0 

2 33 

6 

1891 60 

328 6 

216 

6 

1891 63 

327 2 

2 37 

2 

1891 66 

326 7 

2 21 

9 

1892 37 

3219 

2 28 

4 

1892 41 

320 6 

2 36 

1 

1892 49 

3217 

2 26. 

3 

1892 57 

3213 

219 

4 

1892 62 

319 3 

2 25 

6 

1892 64 

3210 

2 24 

6 

1892 65 

320 3 

2 22 

17 

1893 47 

313 8 

2 22 

3 

1893 58 

313 4 

2 41 

3 

1893 62 

313 6 

2 27 

4 

1893 62 

312 5 

2 34 

6 

1893 69 

309 2 

2 22 

1 

1893 70 

312 3 

2 21 

11 

1894 60 

309 8 

2 47 

8 

1894 64 

307 4 

2 29 

3 

1894 69 

304 6 

2 38 

12-11 

1894 60 

306 3 

2 26 

4 

1894 76 

302 5 

2 30 

4 

1894 77 

3013 

2 46 

6-6 

1894 77 

303 2 

2 21 

6 

1894 79 

302 5 

2 33 

6 

1896 32 

298 6 

2 22 

3 

1896 60 

298 2 

2 63 

2 

1896 61 

3016 

2 31 

6 

1896 65 

298 7 

214 

9 

1896 68 

296 9 

2 26 

4 

1896 60 

297 0 

2 35 

4 

1896 62 

296 0 

2 24 

5 

1896 70 

296 0 

2 01 

6 

1896 72 

296 3 

2 01 

3-1 


Observers 

Glasenapp 

Giaoomelli 

Hall 

Maw 

Wellmann. 

Schur 

Bigourdan 

Schiaparelli 

Maw 

Hall 

Schur 

Knorre 

Schiapaielli 

See 

Bigouidan 

Burnham 

Collins 

Maw 

Comstock 

Bigourdan 

Schur 

Schiapaielli 

Maw 

Tucker 

Schur 

Comstock 

H C Wilson 

Schiaparelli 

Ebell 

Maw 

Knorre 

Schur 

Comstock 

Callandreau 

Schiaparelli 

Bigourdan 

See 

Glasenapp 

Schur 

Schiaparelli 

Maw 

SchwarzschOd 

Hough 

See 

Moulton 


70 OPHITJOIII = ^2272 


211 


Mesearclies on the Orbit of TO Ophmchi, and on a Periodic Perturbation in the 
Motion of the System Arising ft om the Action of an Unseen Body * 

Wlule engaged recently in the obseryation of double stars at the Leandcr 
McCormick Observatory of the University of Virginia, I took occasion to 
measure 70 Ojphiuchi on three good nights (^A J. 319). On comparing the 
results with SOHtm’s ephemeris, four months later, I noticed with surprise that 
the observed angle was over four degrees in advance of the theoretical place 
As the Virgima measures had been made under favorable conditions and with 
extreme care, it became evident that even the orbit to which Pkopbssor Soiiue 
had devoted so much attention would need revision Accordingly, after all 
the observations had been collected from original sources and tabulated in 
chronological order, I proceeded to investigate the orbit in the usual manner, 
and obtained a set of elements very similar to those which Burniiam has 
given in Astronomy and Astrophysics for June, 1893 On comparing the com- 
puted with the obseived places there appeared to be a sensible irregularity in 
the angular motion, and as the observed places were admittedly exact to a 
veiy high degiee, it was impossible to attribute such largo and continued 
deviations to errors of observation. It was also observed that the sign of 
6o — 6^ showed a peculiar periodicity; the residuals being for many years 
steadily of ope sign, and then as uniformly of the other. After making some 
tmsuooessfhl efforts to correct the apparent orbit, from which the elements had 
been derived, by the method of KxnsrKBEi'UES, I decided to project the orbit 
found by Sonmi, so as to compare his apparent ellipse diiectly with the places 
given by the mean observations for each year. Though I was awaie that 
Souxjb’s oibit had been based wholly on angles of position, I was not a little 
surprised to find that the distances had been vitiated in the remarkable periodic 
manner indicated by the pointed ellipse in the accompanying diagram And 
since I had uniformly adhered to the use of both angles and distances in 
deriving the .orbits of double stars, it was not allowable to violate the dis- 
tances as PKornsBOR Sohur had done, nor could we pass over such remarkable 
periodic errors m the residuals of the angles We were thus confronted with 
a ease in which it was apparently impossible to satisfy both angles and dis- 
tances. A closer examination of the diagram suggested the idea of a periodic 
perturbation, alternately in angle and then in distance; and the drawing, in 
conjunction with the computations, enabled me to see that the case is one worthy 
of special attention. After some delay {A J. 358) the additional observations 
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placed at my disposal by Propessoes Hough and Comstock, in conjunction 
with, the independent measures made at Madison by Me. Moulton and myself 
(^A. J. 359) confirmed the correctness of the Virginia measures, and left no 
doubt of the rapid deviation of the companion from Sohue’s orbit. Before 
eonsidermg the physical cause of this unexpected phenomenon, I desire to 
remark that, in the preparation of this paper, my friend Me. Eeio Doolittle, 
C. E , has rendered valuable assistance. He has carried out the calcula- 
tions entrusted to him not only with care and accuracy, but also with zeal and 
enthusiasm, and has, therefore, contnbuted in no small degree to the early 
completion of this investigation. 

Since Sir William Hbrsohel’s discovery of this beautiful system the 
companion has described considerably more than one revolution. More orbits 
have been computed for this binary than for any other in the northern sky, 
but, in spite of the immense labor which astronomers have bestowed upon this 
the motion has ptoved to be so refractory and so anomalous that the 
cowpasinha has departed from every orbit heretofore obtained. It follows from 
the phenomena disclosed in this paper that the system contains a dark body, 
and that no satisfactory orbit can be obtained until this disturbing cause is 
taken into account. The following list of the orbits found by previous inves- 
tigators will be of interest to astronomers; in most cases the data have been 
taken jErom original sources, but in a few instances we have relied upon the 
table of elements given by Gore in his useful “Catalogue of Binary Stars 
for whieh Orbits have been Computed.” 
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An inspection of this table discloses the fact that the early investigations, 
so far as they are reliable, led to peiiods sensibly less than 90 years, while 
the detei minations made between 184-5 and 1880, or, when the companion was 
describing the apastron of the real ellipse, favored a period of at least 94: 
years. Thus Tissbeaito and Pbitoiiaud, so lately as 1876 and 1878, find 
periods of 94:93 and 94 44 yeais, respectively. In 1868 Soiiur obtained a 
period of 9437 years, and similar periods before and since have been deduced 
by other trustworthy computers. 

There is thus unmistakable evidence of a retardation in the motion of the 
companion near ajiastron, more recently this inequality has become an acceler- 
ation It was observed by Gore in 1888 that the old 01 bits did not represent 
recent measures satisfactorily, and, accordingly, he derived a new set of 
elements with a period of 87 84 years, which was substantially confirmed by 
subsequent work of Mann and Burnham. Finally Professor Soiiur made an 
exhaustive investigation of all the obseivations up to 1893, and adjusted his 
01 bit by the method of least squares to about 400 mean observations of 
position-angle, lie says that in this work he could not advantageously employ 
the measures of distance, owing to the differences of the individual observers 
The angles, however, were admitted to be admirably adapted to a fine deter- 
mination of the elements, and, accordingly, ProebssoS Sohur’s able discussion 
of 400 observations inspired the belief that his orbit would give good places 
of the companion for a great many years, if not for an almost indefinite 
period. But this just expectation has not been realized, owing to the action 
of an unseen body which disturbs the elliptical motion of the companion To 
establish the existence and general character of the perturbations thus disclosed 
we submit the following considerations: 

( 1 ) A reference to Professor Sohur’s able and exhaustive paper in the 
Astronom%sc7ie Ufachrichten, No 3220, 21, will enable the reader to judge of the 
improbability of an orbit based on such a multitude of good measures proving 
to be defective within two years of its completion, unless disturbing causes 
were at work to produce the sudden acceleiation in angular motion It is 
inconceivable that this rapid deviation could take place without a true physical 
cause The error in the angle now amounts to about five degrees 

(2) In regard to the older observations we may remark, as Professor 
Soiiur and others before him have done, that Sir William Heescrel’s angles 
are open to some uncertainty, owing to a possible error in the readmg or in 
the records, so that his observations do not give an exact or trustworthy 
criterion for the period. Hersohbl says, however, exphcitly, that on “ Oct. 7, 
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1779, the stars ■were exactly in the parallel, the following star being the 
largest,” and, as it does not seem that any sensible error could atfect the 
angle ■which he has thus recorded, we see from the measures in 1872-3 that 
the resulting period would be approximately 92 years This is an additional 
indication that the period of this star is not constant. A careful examination 
of the other early measures shows that the first really good position is that of 
Steuvb in 1825. These measures are so uniform and consistent, and appear 
in every way so worthy of enjtire confidence, that I quote the record from the 
Mensurae Micrometricae in full. 
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An examination of these separate measures clearly indicates that the error 
in the mean result does not surpass 0“.5 in angle, and 0"1 in distance. By 
Sohue’s orbit the angle is corrected two degrees, and when the radius vector 
IS thus thrown forward to 146°.2 the computed and observed distances are 
nearly identical As Stru^ve took special pains to secure good measures on a 
large number of nights, and obtained the foregoing beautiful and consistent 
results, we may regard his mean position as one of the highest precision. The 
probable error of such measures would evidently be very small. 

(3) "We see from the diagram illustrating the apparent ellipse that 
SoHtTE’s orbit falls within the positions given by the measures prior to 1845 j 
so that nearly all the observations of Steuvb, Bessel, Dawes, Madlbe, etc., 
require a sensible negative correction in distance. In figure B the differences 
Po-^Po of the individual measures used by Sohue are plotted to scale, and a 
glance at the figure will show the improbability of such classic observers as 
Stetjve, Bessel and Dawes making the constant errors here indicated. It 
would be still more remarkable if the observers between 1845 and 1870 have 
as uniformly erred in the opposite direction How has it happened that from 
1825 to 1845 the distances were steadily over-measured hj the best observers, 
while during the next period the distances were constantly under-measured? 
Jj^Vidual observers have what may be called a personal equation (though 

from constant and is difficult to determine with any certainty) but it 


70 OPHIUOni = :S2272 


215 


could not happen that all the best observers would eiT alike, although in 
opposite directions, during the two periods Piiopebsoe Soiiue’s corrections are 
evidently inadmissible 

(4) The peculiar periodic mannei in which Sohue’s apparent ellipse 
crosses and re-crosses the general path which best represents the mean posi- 
tions, first suggested to my mind the hypothesis of a disturbing body Figure 
C IS based upon these mean positions, and a comparison with the curve in B 
shows that the mean positions are typical of all the observations for any given 
year Since I was desirous of avoiding any possible prejudice of the material 
used, I have retained, without alteration, the mean positions which had been 
formed in August before suspecting the existence of a disturbmg influence. 

(5) We suggest that the companion of 70 Ophiucin is attended by a 
dark satellite, and that the visible companion, theiefore, moves in a sinuous 
curve about the common centie of gravity of the new system, with a period 
somewhat less than 40 years, and in a ictrogiade diiection As Soitue’s orbit 
IS based on a least-square adjustment of all the obseivations extending over 
two entire revolutions of the invisible body, it may reasonably bo inferred that 
his apparent ellipse will represent veiy nearly the true motion of the centre of 
gravity, while the apparent ellipse which best represents the observed distances 
will give a general outline of the path of the visible star in its sinuous motion. 
Let us recur to the diagram of the apparent ellipse and imagine that the 
risible companion and the centre of gravity are in the tangent to the ellipse 
at the epoch of intersection in 1818 Then, the motion of the visible star 
being retrograde, we perceive that it will gain steadily on the centre of 
gravity, and, in 1836, the two will be in line with the original position, after 
half a sideieal revolution, from 1836 to 1845 the satellite will make another 
quarter revolution, and again the bnght companion will be in the tangent to 
the appaient ellipse and in advance of the common centre of gravity. As the 
visible star will now steadily fall behind in its retrograde motion about the 
centre of gravity, it is clear that from 1845 to 1872, which is three-fourths of 
a revolution, the motion of the blight body will appear to le ahnormalT/y slow 
This IS the apparent retardation previously mentioned as giving rise to the 
long periods found by computers who used observations extendmg over the 
apastron portion of the real orbit. Assuming that the motion is undisturbed, 
and hence that the areas are constant, Pkoebssoe Sohue was compelled to run 
his ellipse further out in this part of the orbit in order to represent the 
observed angles From the diagram we see that the retrograde motion of the 
visible star continues after 1872, and, as this apparently accelerates the visible 
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motion of the companion relative to the central star, Sohue’s ellipse is di’awn 
inside of most of the observations of this period. The falling of the mcasnred 
distances beyond Schee’s orbit shows plainly the periodic motion of the visible 
star in accordance with the above theory From this sketch of the effects of 
the disturbing body it is evident that, at the time Sohue completed his orbit, 
the visible star and the unseen body were nearly in line with the central stai*. 
And since the visible companion m 1825, according to Struvjb, had an angle 
of 148® 2, whereas Sohue makes it 146° 2, or, substantially the same as the 
centre of gravity at that epoch, it follows that our hypothesis, making Soiiuit’s 
orbit represent the motion of the centre of gravity, is indeed very nearly cor- 
rect. Any sLght correction that may be leqiured for the periastron of Sohue’s 
ellipse in older to make it represent the true path of the centre of gravity, 
had better be deferred until additional observations disclose more clearly the 
nature and extent of the perturbations. 

(6) We may fix the approximate elements of the visible companion about 
the centre of gravity as follows: From 1818 to 1890, or 72 years, is the time 
required for two revolutions, as explained in the preceding paragraph, and 
hence we see that fke ^enod is a'pprommately thirty-six years. The motion is 
retrograde, and from the diagram of the apparent w-bit, we may conclude that 
the distance of the visible star from the common centre of gravity is about 
0".3. It is natural to suppose that the plane of the orbit is not greatly inclined 
to that found by Sohue, but existing data will not fix all the elements with 
the desired precision. Perhaps until the path of the centre of gravity is known 
with great accuracy, the simple hypothesis of a circular orbit, with node and 
inclination identical with the similar elements of the visible pair, will be suflS- 
eient to explain phenomena, and it follows that both angles and distances are 
eomfaratwely well represented ly this hypothesis. 

It IS found, however, on more detailed examination that the representation 
.can be somewhat improved by the adoption of the following elements: 


P< = 36 years 
T! = 1822 0 
e’ = 0 476 
a> = O'^SO 


ft' = 151° 0 
%< = 60° 1 
A.' = 191° 7 
10 ° 0 


mile ihiB orbit gires a good representation of the motion of the briglU 
Wy abont the common centre of gravity, the data a^ ao rough that the 
dete^nabon of such delicate elements mnat be regarded as provWonri otay. 
n e oUowmg table we have compared Sohue’s elements with the 
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positions for each year; the residuals are given in the columns headed 
and / 3 o — Pi It is at once evident that the angles are beautifully lepresented 
down to 1893, after which the eiror in angle rapidly accumulates until it now 
amounts to neaily five degrees! The errors in distance aie illustrated in 
diagram O, which shows the same general features as diagram B, wheie the 
points represent the individual measures employed by ScnuR 

The elements of the orbit which best rejn esents the obsci ved distances ai e 
as follows: 


P = 88 3954 yeais ) g , ^ 

Q = 126° 7 

T = 1808 0707 i 

4 = 68° 42 

e = 0 600 

\ = 198° 26 

a = 4" 548 

n = -4° 0728 


Apparent orbit: 


Length of maioi axis 

= 9" 00 

Length of imnoi axis 

= 4" 17 

Angle of inajoi axis 

= 122° 9 

Angle of 

= 296° 8 

Distance of stai fiom ceiitie 

= 2 " 198 


CoMl'ARlSON OB' CoMI’UTKD VTITlI OBSKItVKD PlAOES AcOORUINO TO TUK TwO SkTS OB ElBMKNTS 


t 

Oo 

Po 

^0 ^1 


— 6^ 


de’ 

n 
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1779 77 

900 

If 

o 

-8 8 


-ill 

H 

-070i 

1 

Herschel ♦ 

1781 74 
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+1 6 

-0 27 

+4 40 

-on 

+0 369 

1-2 

Herschel 

1802 34 

3361 


+14 

— 

+ 0 71 

— 

+0 027 

1 

Ilerschel 

1804 42 

318 8 

— — 

-0 3 

— 

-316 


-0128 

2 

Herschel 

1819 64 

168 5 

— 

-0 9 

— 

+6 08 

— 

-0 244 

6 

Stiuve 

1820 77 

160 2 

— 

-2 7 

— 

+0 78 

— 

+0 042 

2 

Struve 

1821 74 

167 6 

— 

-0 8 

— 

+2 66 



+0164 

5 

Stiuve 

1822 42 

164 8 

4 27 

-0 8 

+112 

+2 04 

+ 0 72 

+0126 

2 

Herschel and South 

1822 64 

163 9 

— 

-10 

— 

+ 175 

— 

+0109 

3 

Struve 

1826 66 

148 2 

3 98 

+2 0 

+0 03 

+317 

-0 37 

+0 238 

28-14 

South 14-0, Struve 14 

1827 02 

1461 

4 37 

+21 
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+2 82 

-0 28 

+0 227 

2 

Struve 

1828 71 

140 2 

4 78 

+0 3 

+010 

+0 72 

-0 22 

+0 062 

4 

Struve 

1829 69 

1381 

6 08 

-0 3 

+0 23 

+0 39 

-016 

+0 036 

6 

Struve 

1830 67 

136 8 
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00 
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-0 02 

+0 24 

-0 002 

27 

II 2 9, Bessel 10, Hawes 6, W Stiuve 2 

1831 68 

1361 

6 68 

-0 3 

+0 46 

-0 38 

+ 0 36 

+0 036 

20-18 

n 8-6, Bessel Y, W Stiuve 5 

1832 62 

133 4 

6 76 

-0 6 

+0 36 

-0 84 

+0 08 

-0 083 

8 

Hawes 3 , Bessel 6 

1833 42 

132 8 

614 

-0 2 

+0 61 

-0 34 

+0 34 

-0 034 

1 

Hawes 

1834 66 

130 8 

6 04 

-0 8 

+0 34 

-126 

+ 012 

-0128 

18 

W Struve 4, Dawes 7, Bessel 7 

1836 60 

130 7 
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+0 2 
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-0 22 

+0 07 

-0 023 

5 

Struve 

1836 62 

128 9 

6 34 

-06 

+0 38 

-108 
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-0116 

26 

MadlerS, Encke4, Bessel 6, W Stiuve 8 

1837 64 

127 9 

6 45 

-0 4 

+0 36 

-0 96 

+ 0 21 

-0104 

27 

Hawes 3, Encke 4, Bessel 16, W Struve 4 

1838 69 

126 6 

6 64 

-0 7 

+0 43 

-1 38 

+0 32 

-0162 

7 

Q-alle 

1839 68 

126 6 

6 66 

-0 9 

+0 36 

-161 

+0 26 

-0169 

4 

Galle 2 , Hawes 2 

1840 47 

126 6 

6 38 

+ 10 

0 00 

+0 33 

-0 09 

+0 037 

14+ 

Kaiser — , 0 Struve 10, Dawes 4 

1841 64 

124 0 

6 60 

-0 6 

+014 

-113 

+010 

-0 129 

26 

Madlei 8, Kaiser 6, Dawes 4, Be and Schl 7 

1842 67 

123 8 

6 67 

+01 

+0 04 

-0 60 

-0 01 

-0 067 

36 

0 Struve 8, Madler 3, Hawes 2, Kaiser 22 

1842 60 

123 5 

6 79 

-01 

+0 26 

-0 78 

+0 20 

-0 090 

20 

Schluter 

1843 66 

1221 

6 67 

-0 7 

-0 02 

-126 

-0 06 

-0146 

20-19 

Dawes 1-0 , Encke 3 , Madler 10 

1844 44 

1213 

6 66 

-0 7 

+0 03 

-136 

+0 01 

-0168 

10 

Encke 6 , Madler 6 
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1846 46 
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-0 7 

+0 06 
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-0190 

18+ . 

Jacobi, ITindl, Dur Obs — , Miullci 10 

1847 47 

119 K 

5 85 

-0 3 

+ 014 

-0 96 

+ 016 

-0112 

13+ ' 

0 Struve 4, Dur Obs — , Mitclu'll 1, JVIa 8 

1848 38 

118 41 

3 81 

-03 

+0 09 

-0 96 

+ 013 

-0112 

9 ; 

Dawes 3 , Mudler 4 , Bond 2 

1849 39 

1181' 

6 64 

+ 0 3 

-0 09 

-0 31 

-0 03 

-0 036 

5 ' 

0 Stiuve 

1850 55 

116 4' 

6 78 

-0 5 

+0 07 

-1 01 

+013 

-0 118 

18 : 

aad 8, W & J 2, Miullerd, Fli'tchoi 4 

1861 54 

115 51 

6 57 

-0 5 

-0 13 

-1 04 

-0 04 

-0121 

24 

M<ullor4, Fletclioi 8, 0 Struve 5, Miidloi 7 

1852 69 

114 9' 

6 56 

-02 

-0 11 

-0 63 

0 00 

-0 073 

37 : 

Fletcliei 6, 0 SUuve5, Madler 1 1 , .laeoh 15 

1853 57 

114 9' 

6 42 

+0 6 

-0 22 

+ 012 

-Oil 

+0 014; 

21-12 

Powell 9-0, Dem 0, Dawes 0 [Do d 0 

1854 48 

113 2' 

6 37 

-0 3 

-0 22 

-0 71 

-Oil 

-0 081 , 

57-54 ^ 

Ja 21, Ja 2, OS 0, Dem 12, Mil 10, Da H, 

1 866 62 

113 3 

6 45 

+0 6 

-0 09 

+0 35 

+ 0 04 

+0 039 : 

20-13 

Lu 2, Si 3, Wmn 1, Ma 5, Da 2, l>i) 7 0 

1856 43 

1117 

6 34 

+ 01 

-014 

-0 41 

0 00 

-0 046 

32 ' 

OS 5, Ja 7, Ma 3, Wimi 8, Sec *!, Dcm. (! 

1857 52 

1110 

6 31 

+ 02 

-010 

-0 04 

+0 05 

-0 005 

20 ^ 

Ja 3, Wmn 1, Sec 4, Da 2, Dorn 1, Ma 2, 

1858 39 

1091 

6 01 

-0 9 

-0 32 

-107 

-016 

-0 116 

18 

Ja 3, Mo 2, Doin 4, Ma 1) [<>1 4 

1869 66 

108 4 

6 24 

-0 4 

+0 02 

-0 45 

+ 018 

-0 048 

20 ' 

OS 5, Dawes 4, Aiiweisf), Powell 5, Ma 1 

I860 70 

107 3 

6 33 

-0 4 

+0 21 

-0 29 

+0 40 

-0 030 

8+ i 

Secchi3, Lutliei— , An wets 5 

1861 67 

106 2 

5 70 

-0 5 

-0 31 

-0 50 

-014 

-0 052 

17 

Rad 1, Madlei 7, Auwcrs 0, Rowell 3 

1862 59 

105 6 

5 83 

-02 

-0 07 

-0 02 

+ 0 09 

-0 002 

19 

0 Stinve3, Wmnetdee 1 , Dem 9, MadlerO 

1863 54 

104 8 

5 62 

00 

-0 17 

+019 

+0 01 

+0 019 

29 

Adb 11, Sec 2, Dcm 9, Ta 1, For. 1, 111 fi 

1864 54 

1041 

5 43 

+ 0 5 

-0 23 

+ 0 84 

-0 06 

+0 082 

13 

Engleinann 2, Bombowskl 1 1 

1865 50 

102 4 

5 32 

00 

-0 20 

+ 0 22 

-0 03 

+0 021 

43 

En 8, Secclu4, Dorn 9, 'I'a 2, KalmT 20 

1866 43 

1012 

5 31 

00 

-0 07 

+ 0 48 

+ 011 

+ 0 044 

25 

Dem 8, OS 6, 'I’a 5, IIv. 4, SixcUi-'J 

1867 50 

99 6 

518 

-0 2 

-0 03 

+ 0 43 

+014 

+0 038 

14-13 

Rad 1, Kn 2, 'i'a 1-0, Dem 7, llv. 3 

1868 65 

98 6 

4 90 

1 + 0 5 

-0 13 

+126 

+ 0 05 

+0101 

22 

Dem 7, Ku 2, Rad 2, Du 4, OS. 2, Rrw. 8 

1869 80 

96 7 

4 64 

+ 04 

-019 

+ 132 

-0 03 

+0109 

11 

Duner 3 , Dembowakl 8 

1870 51 

94 2 

4 52 

-10 

-0 18 

-0 40 

-0 08 

-0 032 

12 

Gledliill 2, Dem 8, 'fa 2, [01. H; Du. I 

1871 56 

93 4 

4 34 

+01 

-016 

+ 1 27 

-0 03 

+0 099 

22 

W & S 2, Rad 2, Pol 2, Dem 8, 'I'a. 1; Kii. S', 

1872 51 

916 

4 20 

+ 02 

-013 

+141 

-0 01 

+0105 

23 

Brw 2, For 8, Rad 2 , Dom 9 , W & S. 8; OS. I 

1873 56 

881 

4 01 

-01 

-0 09 

+ 0 43 

0 00 

+0 031 

14 

01 1, Dom 8, W & S 1, Ta 1, Had. 8 

1874 61 

87 7 

5 81 

+ 11 

-0 09 

+2 71 

+ 0 01 

+0 183 

17 

Rad 4, Dem 8, Ta 1, OS 8; Oledlilll t 

1875 61 

84 2 

3 59 

+ 01 

-010 

+174 

-0 04 

+0 113 

21 

Dem 0, Sch 8, Rad 4 [Jod. 4; Wdo 1 

1876 67 

80 7 

3 48 

-06 

0 00 

+153 

+ 0 07 

+0 093 

31 

Sb 6, Dk 2, Dom 7, 1*1 8, Sell. 6j Hall 8; 

1877 60 

77 4 

3 23 

-0 5 

-0 05 

+183! 

+ 0 02 

+0104 

60 

Dem 8, Dk 2, HI 4, Jed 10; PI. 8; Kch. 10, 

1878 68 

74 3 

3 05 

+ 01 

-0 01 

+ 2 49 

+ 0 03 

+ 0134' 

18 

Dem 7, Sea 3,Dk 4, Gold. 4 [CIii 4;Hli. 4 

1879 67 

69 5 

2 95 

-04 

+ 0 09 

-^2 28 

+ 012 

+0115 

47 

Cm 18, Sell 10, HI. 0, Cln. 5, Sea. 4 ; Jod 5 

1880 59 

1 64 0 

2 64 

-0 9 

-0 01 

+198 

-0 01 

+0 093 

33 

Dk S, Fi 0, HI 6, Sch 10, Jod. «; Sea, 2 

1881 56 

; 60 3 

2 55 

+10 

+0 08 

+ 3 91 

+ 0 06 

+0172 

11 

Doberck2, Hall 6, Big 2; Sea. 2 [Kn 4 

1882 60 

1 52 5 

2 48 

+0 2 

+0 20 

+3 35 

+ 016 

+0137 

30 

n C W 1, Dk 2, m 7; Sch 0; Jed. 4; Sea 8, 

1883 62 

! 44 0 

2 31 

-0 3 

+018 

+ 2 42 

+ 011 

+0 094 

46 

Per 4, Seag 8; Sch 15, Jod.6, Ktt 8, Sea.8; En 0 

1884 66 

; 36 0 
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+ 03 

+016 

+2 01 

+0 07 

+0 077 

31-29 

II 0 W 1, Pr 1, Per 0, Hl.7,Hch.8, Kn.S; Sea 3-1 

1885 61 

. 25 9 

i2 06 

; +01 

+013 

+ 0 72 

+0 02 

+0 026 

30-28 

IPer 4, Sea 4-2, HI 7, En 8, Sch 2; Jed. 5 

1886 61 

. 14 3 

;l 92 

1 -0 9 

+0 04 

-0 89 

-0 07 

-0031 

46-44 

HI 7, Per 7, Jed 7, Sch 14, En 7, 8m. 4 2 

,1887 68 

i 38 

;191 

. -01 

+0 01 

-103 

-0 09 

-0 036 

29-28 

8m 1-0, III 0, Sch 18, Tar. 4 [Oop. 8, Tar. 6 

1888 62 

!353g 

>211 

. -0 4 

:+01S 

-210 

+0 07 

-0 075 

36-36 

Com 8 , Maw 4 , III 6 , Olac 8 ; Sch. 10-0 ; Dv.l , 

il889 58 

(345 9 

>202 

) +0 6 

1+0 06 

-2 26 

i -0 01 

, -0 082 

37-34 

, ^ 2 , Hod 2-0 , Com 5 , HI (5 , Maw 6 ; 8oh.l7 -10 

1890 62 

'336 7 

^2 21 

. +0 6 

1+0 OS 

-2 38 

1 +0 04 

: -0 090 

i 46 

Glas 2, Giac 8, HI 7, Maw 8; Well. 1, Big. 16; 

1891 52 

>327 4 

[221 

i -0 6 

1 OOC 

)-3 5S 

i-0 02 

! -0 141 

33 

Maw4, HI 6, Knr 6, Sc‘h.6; Se«2, Blg.O [Sch 9 

1892 52 

J320 8 

\2 2i 

5 -0 4 

= -0 04 

t-3 52 

! -0 08 

! -0 142 

1 34 

|3 4 , Col 1 , Maw 3 , Com. 4 ; Big. 5 ; Boh, 17 

1893 62 

J312 5 

)2 2l 

) -OS 

i -018 

>-2 3C 

)-01( 

) -0 094 

= 19-26 

( Maw 3, Com 6, H 0 W 0-1 ; Bah. 11 

|1894 65 

)304 2 

12Z{ 

) -2 7 

' -0 14 

L-4 8C 

»-0 08 

t -0 198 

; 30-29 

1 Maw 8 , Knr 12-11, Com. 4; Sch. fl; Big. 6 

1895 32 

2 298( 

^22i 

}-4 8 

!-0 27 

L-6 98 

! -0 09 

> -0 28C 

» 3 

See 

' Mil895 6< 

t296] 

i2y. 

1-4 8 

i -0 28 

5-5 6i 

i -Oli 

J -0 221 

. 20-lS 

! Maw 4 , Com 8, Ho 6, S®6 5; MonJiton 8-1 


I , The values of P and T are taken from Sohur’s orbit, because the values 
these elements derived from so many observations may be regarded as vety 
, u^arly the mean of all the periods and epochs which result firom the obserea- 

I 1 1 ^ ^ 

I I 'i , ' ' , 

' (II j ' 
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tions prior to 1893 The residuals which follow fiom the use of these elements 
aie given in the columns matted 6 o — 6 ^ and po — In the case of the second 
elements the periodic eiiors in angle aie very noticeable, hut, as the simple 
diflfei Cnees would not he strictly compaiable at diffeient distances, we 

have 1 educed all these angulai displacements to seconds ol the arc of a gieat 
ciicle by the formula 

r"(6o-6,y _ 

57 ° 3 


where r" denotes the apparent length of the ladius vector in seconds of are, 
and (^0 — ^2)° the residuals of position-angle expressed m degrees The dis- 
placement d ff' IS tabulated and also illustrated graphically in diagram A. It 
will be seen that the maximum 01 minimum displacement in angle is practically 
identical 111 time with the zero of the curves of distance 111 JB and C , and that 
the zero of the curve of angles corresponds to the maximum or minimum of 
the curve of distances This displacement of phase would be a necessary 
consequence of the oibital motion of the visible cojup^iP-ioii^ about the common 
ceiitie of giavity, and may be said to establish completely the reality of that 
phenomenon The piesent tlieoiy does not require the several phases of the 
cuives to be of equal length, since the tangent to the ellipse itself revolves 
very unequally 111 different parts of the orbit, and the zero of the euiwe of 
distance, for example, depends on the coincidence of this tangent with the line 
connecting the blight with the daik body 

(8) The problem here presented of finding the elements of the orbit of 
the visible companion from irregularities in the elliptical motion is very much 
moie dif&cult than those arising from the iriegulai propei motions of peiturbcd 
stars, such as 8 %r%us and Procyon In the case of the phenomena fii st investi- 
gated by Bessel, the centre of gravity of the system moves uniformly on the 
aic of a great circle, but in this case the centre of gravity moves on the are 
of a very small ellipse and with a velocity which follows a veiy complex law. 
Indeed the velocity at any point of the 01 bit is inveisely as the perpendicular 
fioin the cential star to the tangent to the ellipse at the point in question; 
and, as the central star may in general occupy any point whatever of the 
appaient ellipse, we see that the velocity varies in an extremely comphcated 
manner In view of these facts it seems best, especially from the point of 
view of practical double-star work, to determine first of all the path of the 
centre of gravity and the elements of its orbit. Suppose we designate the 
rectangular coordinates of this centre, relative to the principal star, by x', y' ; 
and the coordinates of the visible companion referred to the same oiigin by 



220 


70 OPHIUCHI = ^'2272 


2/y then if a and denote the differences of these cooidinates, the observa- 
tions will furnish a series of equations of the form* 


«1 

= 

05 / — 05 i 


= 

*2' - 

«s 

= 



= 

xj — 054 


= 

*■5' - «6 


= 

«»' - 


A = Vi-Vi 
ft = y-l — Vi 

ft = 2/s' -2/8 

ft = 2/4' - 2/4 
ft = 2 / 5 ' -2/s 

Vn Vn 


Five points, each determined by two such equations, are theoretically 
sufficient to fix the elements of the orbit of the visible star about the common 
centre of gravity, a larger number of equations, when combined in an advan- 
tageous manner, so as to render the errois of observation a minimum, will 
make the detei muiation more exact, and define the elements witt the desired 
precision In the case of 70 OpJiiucTii, Schur’s orbit is to all appearances a good 
fiist approximation to ^ the path of the centre of gravity, but it does not seem 
worth while to enter upc^ the more refined analysis here indicated until 
additional measures of the visible companion have confirmed the accuracy of 
this hypothesis. Apart fiom these theoretical difficulties, the sensible perturba- 
tions of the central star upon the motion of its attendant system will give 
use to obstacles which are scarcely less formidable. 

(9) While we have spoken of the dark body as attending the com- 
panion, it IS clear that similar phenomena would result from the action of a 
body revolving round the central star. In this case, however, the considerable 
distance which would result from a period of 36 years nught render the 
stability of the system somewhat precarious, especially if the orbit be eccentric 
like that of the visible companion. And as there is every reason to suppose 
that the system is the outgrowth of nebular condensation, and is, therefore, 
adjusted to conditions of stability and permanence, it is more natural to regard 
the companion as the binary. In this case the small mass might give rise to 
a period of 36 years even if the pair be veiy close. The separation of the 
new system is not likely to be less than 0"4, and it may be more than twice 
that distance. If we adopt the parallax of 0".162 found by Ejbuegbr it 
follow that the major eemi-axis of the orbit of the visible companion i§ 
astronomical units, and the combined mass is 2 83 that of the sunj and hence 
we conclude that the orbit of the visible companion about the common centre 
of gravity has a major semi-axis of 1 84 astronomical units. Therefore, while 
the bright companion describes an eccentric orbit with a major axis which is 
slightly less than that of Neptune, the action of the dark body causes it to 
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describe another ellipse, which m size considerably surpasses that of the planet 
Mars. 

(10) With regard to the position of the dark body we lemark that an 
exact piediction is difficult, but the general indications arc that at the epoch 
1896 50 it lies approximately in the direction of 260° *. As the companion is 
now near periastron, the present is a favorable oppoitunity for searching for 
the dark body, since in this position the orbit will be expanded owing to the 
perturbations of the cential star In case it should be imagined that the 
unseen body attends the central star, it would be natural to locate it in the 
direction of 160°. 

(11) Many years ago a disturbing body in the system of 70 OpUuchi 
was suspected by Madlbe, Jacob and Sir John Heesohbl, and on two 
occasions, more recently, Burnham has seaiched for it without success. After 
examining both stars with the Deaiborn 18-inch refiactoi in 1878 he adds: 
“Both stars round,” while a still moie ciitical search with the Lick 36-inch 
refractor led him to lemaik “I could not see any third component and both 
stars appealed to be round, with all powers” In spite of this negative evi- 
dence, observers with gieat telescopes will find this system worthy of special 
examination. W^hatever be the result of optical search for the unseen body, it 
will now become a matter of great interest to measiiie the visible companion 
with the most scrupulous care until the natuie and extent of its perturbations 
are fully established. 


99 EERCULIS = A.C. 15. 

a = 18'' S'" 2 , 8 = +30° 83' 

6 0, yellow , 117, purple 

Dhscove'ted hy Alvan Cla'ik, July 10, 1850 
Obsbrtations 
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1 

0 Stiuve 
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26 5 
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1 
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*The estimated position gi\en A J 363 for 1895 was 330°, the retrograde motion would dimmish the 
angle considerably, but the principal change in the theoretical position results from the elements above referred to 
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This difficult double star was discovered by Clark while testing the 
telescope he had ]ust made for Dawes, at the latter’s private observatory.* 
The physical connection of the pair was suspected, and durmg the same year 
two sets of good measures were obtained by Dawes Otto Stritve began to 
give his attention to the pair the following year, and continued his measures 
from time to 'time imtil 1888. His first observations are very satisfactory, and 
of the highest value in fixing the elements of the orbit, but the later measures 
are less trustworthy, owing to the great inequality and closeness of the coreq^ 
nents. The series of measures begun by Burnham m 1878, and continue® 
until the close of his work in California, is of great importance, and in 
conjunction with Struve’s observations and those recently made by the writer 
at Madison, enables us to fix the elements with a relatively high degree of 
precision. 

In order to obtain a good orbit from such measures, the means must be 
formed in a judicious manner, regard being had to the known motion of the 
companion. After careful study of all the observations, we have formed a 
suitable set of mean places, and deduced the corresponding elements. The 
orbits previously foimd for this system are: 

Goke, 1890 See, 1895 

M N , Nov 1893 unpublished 

P = 53 55 years 67 6 years 

T = 1885 68 1887 30 _ , ; 

6 = 0 7928 0 806 

a = 1"12 1"163 

a = 60°1 77° 0 

i = 38°6 36° 6 

A. = 110° 73 90° 0 


Astronomical Jour ml, 366 
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The adopted elements of Hercuhs are as follows- 

P := 54 5 yeaxs Q = indeterminate 

1887 70 % = 

(5 = 0 781 Angle of periastion == 169° 5 

a = 1"014 n = +6° G055 

The apparent is the same as the real orbit. 

Length of ma 3 or axis = 2" 028 

Length, of minor axis = 1" 278 

Angle of major axis and periastron = 169° 5 

Table op Computed and Observed Places 


t 

6o 

Oc 

Po 

Pc 

Bo- 

-6c 

Po Pc 

n 

Observers 

1859 65 

347°0 

348°4 

If 

180 

tf 

1 81 



o 

14 

ft 

-0 01 

1 

Dawes 

1859 96 

344 8 

348 9 

194 

181 

— 

41 

+0 13 

2 

Dawes 1 , 0 Struve 1 

1866 68 

360 8 

357 8 

173 

1 74 

-h 

30 

-0 01 

1 

0 Stiuve 

1868 50 

358 6 

360 5 

169 

170 

— 

19 

-0 01 

1 

0 Stiuve 

1872 56 

6 0 

70 

146 

1 56 

— 

10 

-0 10 

1 

0 Stiuve 

1877 56 

22 0 

17 4 

1 19 

129 

+ 

46 

-010 

1 

0 Stiuve 

1878 46 

24 4 

20 1 

104 

121 

+ 

43 

-0 17 

3-1 

Buinliain 

1879 47 

26 5 

23 2 

113 

114 

+ 

33 

-0 01 

1 

Burnham 

1880 53 

31 6 

27 3 

0 90 

104 

+ 

43 

-014 

2-1 

Burnham 

1881 43 

29 4 

310 

0 77 

0 96 

— 

16 

-0 19 

1-2 

Burnham 1 , 0 Struve 0-1 

1889 50 

257 4 

262 7 

0 66 

0 42 

— 

63 

+0 23 

1-1 

Burnham 0-1 j, 0 Struve 1-0 
Butnham 

1890 45 

2851 

280 6 

0 69 

0 56 

-i- 

46 

+0 03 

3-2 

1891 56 

292 0 

292 9 

0 72 

0 71 

— 

09 

+0 01 

2-3 

Burnham 

1892.40 , 

•299.2 

2992 

0 70 

0 80 


00 

-0 10 

3 

Burnham 


■ mJT 

3113 

0 88 

104 

— 

56 

-016 

1 

Coinatock 

189660 

808 0 

314 2 

0 96 

1 11 

— 

62 

-0 16 

2 

See 

1895 73 

315 2 

3151 

1 12 

113 

+ 

01 

-0 01 

3 

See 


Ephemeris 


t 

6c 

Pc 

t 

6c 

Pc 

1896 50 

317°5 

118 

1899 50 

325°3 

I'so 

1897 50 

320 4 

126 

1900 50 

327 6 

145 

1898 50 

323 0 

133 




While this orbit may need 

slight modification in 

the course 


not seem probable that a sensible improyement can be effected for a good many 
yearSj as the motion is now very slow, and chiefly m the direction of the radius 
vector The orbit is remarkable for its high eccentricity, and for having no 
sensible inclination. This circumstance enables us to contemplate directly the 
real orbit, and renders 99 Sercuhs an object of the highest interest The 
pair IS always rather diflS.cult, owing to the inequahty of the components, and 
exact measurement is seldom possible. But at present the star is relatively 
easy, and ought to be given some attention by observers. 
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i SAGITTAEII. 


^ SAGITTAEII. 

a = 18^ 56”^ 3 , 8 = — 30° 1 

8 9, yellow , 4 4, yellow 

Discovered l)y Winloch in July, 18G7 
Observations 


t 

^0 

Po 

n 

Observers 

t 

6o 

o 

Po 

It 

n 

Observers 

1867 59 

257°7 

0 3Q 

1 

Wmlock 

1888 66 

259 3 

0 67 

7 

^ & Lv 

1867 80 

260 8 

0 48 

1 

Newcomb 

1889 41 

2551 

0 81 

6 

Buinham 

1878 70 

84 2 

0 42 

1 

Buinham 

1890 49 

2511 

0 76 

3 

Burnham 

1879 71 

54 8 

03± 

1 

Burnham 





1^0 62 

621 

0 55 

2 

Buinham 

1891 53 

246 5 

0 61 

3 

Buinham 

1881 61 

361 

0 31 

2 

Burnham 

1892 39 

2451 

0 60 

3 

Buinham 

1886 62 

2713 

0 65 

4 

Hall 

1895 32 

194 7 

0 35 

3 

See 

1886 74 

2711 

— 

1-0 

Pollock 

1895 62 

193 6 

013 

2 

Barnard 

1887 64 

266 3 

— 

6-0 

Pollock 

1895 74 

1931 

0 20± 

1 

See 


Owing to the gi^eat southern declination of ^ Sagittartij which renders it 
inaccessible to Emopean observeis, and makes obsei-vations difficult even in 
the United States, the object was compaiatively neglected for a number of years 
The ffi’st observations weie made by Winlock and Newcomb in the year of 
its discovery The pair was not again obseived until 1878, when Burnham 
began to give it regular attention* His series of measuies now show that 
^ Sagittarn belongs to the class of biight, close binanes with short periods 
This object has therefore become one of particular inteiest to Ameiican 

observers. 

The first investigation of the orbit was made by Me J B Gore, who 
published the following elements {Monthly Notices, R A S , 1886, p 444) 

F = 18 69 yeais % = 58° 8 

T = 1882 86 a = 83° 3T 

6 = 01698 X = 263° 36 

a = 0''53 

Me J "W Erolbt has more recently examined this orbit {Astronomy and 
Astrophysics, June, 1893), and obtained a set of elements which do not reqmre 
any large corrections: 

F = 17T15 years S? = 76° 35 

T = 1878 62 I = 73° 95 

6 = 030 X = 327° 35 

a = 0"68 


* uistronomzcdl Journal, 355 




SagKtarti 


^ SAGITTABII 


225 


While in Virginia recently, I took occasion to measure this star, and, 
although the object was seen with difficulty, owing to its low altitude, I could 
diseoyer a distinct elongation in the direction 194° 7 , the distance could not he 
fixed with much confidence, but my settings of the micrometer gave 0" 35 The 
estimates of distance were substantially the same, but I am now convinced, from 
my distinct recollection of the appearance of the object, that both the measure 
and the estimate were too large The star could not be separated, although it 
was sharply elongated with a power of 1300, the distance was probably less 
than O'' 25 

From an examination of all the measures of this pair, we have derived the 
following elements. 


P = 18 86 yeais 
T = 1878 80 
6 = 0 279 
a = 0 " 686 


ft = 69“ 3 
t = 67“ 32 
\ = 328° 1 
n = -19° 098 


Apparent oibit. 


Lengtli of majoi axis = 1" 300 

Lengtli of mmoi axis = 0" 423 

Angle of majoi axis = 74° 8 

Angle of peiiastion = 82° 8 

Distance of star fiom centre = 0" 168 


CoMPAEisosr OB' Computed with Observed Places 


t 

9o 

6c 

Po 

Pc 

$0 — 6e 

po—pc 

n 

Observers 

1867 80 

260°8 

264°8 

048 

n 

0 81 

+ 60 

H 

-03i 

1 

ITewcomb 

1878 70 

84 2 

85 6 

0 42 

0 41 

- 14 

+0 01 

1 

Burnham 

1879 71 

54 8 

69 4 

03± 

0 48 

-14 6 

-018 

1 

Biunliain 

1880 62 

62 1 

57 7 

0 55 

0 42 

+ 44 

+013 

2 

Buinham 

1881 61 

361 

42 2 

0 31 

0 33 

- 61 

-0 02 

2 

Biiinham 

1886 62 

271 3 

273 7 

0 65 

0 69 

- 24 

+0 06 

4 

Hall 

1888 66 

259 3 

260 9 

0 67 

0 79 

- 16 

-012 

7 

Buinham 6 , Leavenwoith 1 

1889 41 

2651 

256 7 

0 81 

0 81 

- 16 

±0 00 

6 

Buinham 

1890 49 

251 1 

251 7 

0 76 

0 78 

- 06 

-0 02 

3 

Buinham 

1891 63 

246 5 

246 5 

0 61 

0 70 

± 00 

-0 09 

3 

Burnham 

1892 39 

2461 

241 8 

0 60 

0 60 

+ 33 

±0 00 

3 

Burnham 

1895 32 

194 7 

194 3 

0 36 

0 22 

+ 04 

+013 

3 

See 




Ephemeris 




t 

9c 

Pc 

t 

6c 

Pc 


1896 60 

118°1 

0 24k 

1899 60 

49°8 

037 


1897 60 

76 5 

0 47 

1900 50 

29 9 

0 28 


1898 60 

63 6 

0 46 





When we considei 

the 

small 

niunber of observations, and the 

discord- 

ant character of some 

of them, we must regard these 

elements as 

highly 


1 
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■y COEONAB ATJ8TEALIS = H 2 5084 


satisfactory. It is not likely that they -will be materially changed by future 
observations, but ‘for some tune this rapid binary will deserve careful attention 
The eccentricity of the orbit appears to be fairly well defined, and is rather 
smaller than usual; good observations during the next five years will enable us 
to fix this element with the desired precision. The star is now very difl5.cult, 
and will remain so for several years, but it is constantly within reach of our 
large refractors 


y CORONAE AUSTRALIS = H 2 5084. 

a = 18^ 69” 6 , 8 = —37° 12^ 

5 5, yellowish , 5 5, yellowish 

Discovered by Sir John Herschel^ June 20, 1834 
Observations 


t 

Bo 

Po 

n 

Observers 

t 

60 

Po 

n 

Observers 

1834 47 

S71 

Z± 

1 

Herschel 

1859 72 

338°! 

ff 

16± 

4-2 

Powell 

1835 43 

37 0 

— 

1 

Herschel 

1861 69 

328 8 

16± 

4-1 

Powell 

1835 56 

36 7 

— 

1 

Hersehel 

1862 27 

325 S 

16± 

6-1 

Powell 

1836 43 

34 5 

3 67 

1 

Herscliel 

1863 84 

3181 

_ 

4 

Powell 

1837 35 

32 0 

2 63 

1 

Herschel 

1870 19 

286 9 




1837 44 

33 9 

2 76 

1 

Herscliel 

— 

2 

Powell 

1837 45 

32 2 

2 04 

1 

Herscliel 

1871 22 

2819 



1 

Powell 

1837 46 

32 7 

2 40 

1 

Herschel 

1875 65 

257 4 

145 

4 

Schiaparelli 

1847 32 

141 

2 30 

1 

Jacob 

1876 64 

2631 

167 

_ 

Stone 

1850 51 

59 

229 

4 

Jacob 

1877 43 

248 4 

149 

5 

Schiaparelli 

1851 48 

44 

2 26 

6 

Jacob 

1877 63 

246 6 

144 

4-3 

Stone 

1852 27 

3.4 

189 

3 

Jacob 

1878 49 

242 6 

136 

2 

Stone 

1853 52 

3591 

183 

— 

Jacob 

1880 46 

2331 

115 

1 

Hnssell 

1853 71 

358 6 

2 ± 

4-1 

Powell 

1880 67 

232 4 

132 

1 

Haigiave 

1854 26 

356 2 

171 

3 

Jacob 

188172 

226 5 

142 

3-2 

H C Wilson 

1854 78 

355 6 

— 

3 

Powell 

1883 62 

217 7 

166 

4-1 

H C Wilson 

1855 77 

352 9 

— 

6 

Powell 

1886 58 

200 3 

137 

6 

Pollock 

1856 22 

350 8 

1.68 

8-7 

Jacob 

1886 70 

203 5 

152 

1 

Eussell 

1856 67 

3481 

166 

3 

Jacob 

1887 69 

196 6 

116 

4 

Pollock 

185721 

348 4 

1 67 

6 

Jacob 

1887 73 

196 2 

168 

4-1 

Tebbntt 

1857 66 

346 3 

155 

3 

Jacob 

1888 61 

189 3 

171 

6-3 

Tebbutt 

1858 20 

343 4 

1 63 

3 

Jacob 

1888 71 

188 0 

12 

1 

Leavenworth 
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Oo 

Po 

n Observers 

t 

00 

Po 

n 

Observers 

1889 41 

185“4 

tf 

170 

4-3 Bmnham 

1891 75 

17G7 

154 

9-4 

Tebbutt 

1889 84 

185 4 

2 30 

4-1 Tebbutt 

1892 64 

172 9 

165 

5-2 

Tebbutt 

1890 59 

182 9 

161 

4 Tebbutt 






1890 05 

180 3 

0 99 

6-4 Sellers 

1894 80 

165 5 

162 

5-6 

Tebbutt 

1891 53 

176 9 

168 

3 Biunham 

1895 73 

1619 

1 59 

1-2 

See 

1891 70 

177 6 

133 

3 Sellois 

1895 73 

1641 

155 

2-1 

Moulton 


During hie sojourn at Feldhausen Hbrsoiiel made careful measures of 
this object with the seven-feet equatoiial, and on two occasions swept over it 
with the twenty-feet reflector * In sweep 461 he saw the pair under specially 
favorable conditions, and estimated the distance of the components at 3" This 
value IS therefoie adopted in the table of obseivations instead of the distance 
(1" 23^) indicated by the micrometei, which was vitiated by troublesome hitching 
of the thieads, and had to be rejected as worthless Hkrsoiibl showed from 
his observations that the system had a eonsideiable retrogiade motion, and 
hence it was subsequently followed by Jacob, Poweli, Russell, Tebbutt and 
othei southern obseivers At the present tune the arc deseiibed amounts to 
238% and even if the observations are not very numerous, they are sufficient, 
both 111 point of quantity and quality, to give an orbit which will undoubtedly 
prove to be substantially corieet 

The components are nearly equal in magnitude, and, as they are never 
closer than 1"42, the pair is always comparatively easy, and even if difficulties 
aiisc in the measurement of distance, there will be practically no difficulty, as 
Hersoiiel remaiks, in determimng the angle with the necessary accuracy In 
dealing with the oibit of a bright pair with equal components, it is clear that 
unusual weight should be given to the position angles, and especially when the 
stais arc faiily wide, but the measured distances are affected by relatively large 
eriois The orbit of this star is therefore based mainly on the angles, but the 
distances have been of no small service in the final defimtion of the elements 
Some of the orbits which have been published by previous investigators are as 
follows 


P 

T 

e 

a 

a 

% 

A 

Authority 

Source 

yrs 

100 8 

1863 08 

0 602 

2649 

352 °2 

53^6 

266°4 

Jacob, 

1858 

M ]sr , XV, p 208 

55 58 

1882 77 

0 6989 

2 400 

229 16 

111 45 

— 

Schiaparelli, 1876 

AN, 2073 

54 98 

1883 20 

0 6974 

2 44 

227 4 

69 3 

283 95 

Downing, 1883 

MN,XLIII, p 368 

81 78 

1886 53 

0 322 

1885 

45 4 

47 43 

1410 

Gore, 

1885 

M N , XLVI, p 103 

78 80 

1887 40 

0 324 

185 

41 0 

50 6 

— 

Wilson, 

1886 

Gore’s Catalogue, p H 

93 34 

1885 19 

0 303 

2 034 

49 3 

48 8 

163 4 

Powell, 

1890 

Goie’s Catalogue, p H 

12124 

1879 33 

0 331 

2191 

57 96 

35 62 

1811 

Sellois, 

1892 

M N , LIII, p 45 

164 41 

1876 84 

0 4244 

2 66 

77 23 

35 6 

176 3 

Goie, 

1892 

M N , LII, p 503 


^ Astronomische Nachriohten^ 3323 




228 


y COEOKAB AUSTEALIS = Hg 6084 


An investigation of all the observations has led to 
ments of y Coronae A.ustrahs 


Apparent orbit. 


F = 152 7 years 


= 72° 3 

T = 1876 80 


= 34° 0 

6 = 0420 

X 

= 180° 2 

a == 2" 463 

n 

= -2° 3575 

Length of major axis 


= 4" 906 

Length of minor axis 


= 3" 661 

Angle of major axis 


= 72° 2 

Angle of peiiastion 


= 252° 1 


Distance of star from centre = 1" 033 


the following ele- 


CoMPAEisoN OP Computed with Observed Places 


t 

Oc 

Oc 

Po 

Pe 

$ 0 — 9c 

P<y'-Pc 

n 

Observers 

1834 47 

37°1 

37°1 

B 

3 ± 

280 

±0 0 

+0 20 

1 

Herschel 

1837 42 

32 7 

32 7 

2 66 

2 66 

±00 

±0 00 

4 

Herschel 

1847 32 

141 

14 6 

2 30 

2 20 

~0 5 

+ 010 

1 

Jacob 

1860 61 

59 

59 

2 29 

2 03 

±00 

+0 26 

4 

Jacob 

186148 

44 

44 

2 26 

2 00 

±00 

+0 26 

6 

Jacob 

1852 27 

34 

23 

189 

196 

-hi 1 

-0 07 

3 

Jacob 

1853 61 

358 8 

358 2 

191 

190 

+0 6 

+0 01 

6± 

Jacob, Powell 4-1 

1864 52 

355 9 

355 6 

171 

186 

+0 4 

-0 15 

6-3 

Jacob 3 , PoweU 3-0 

1866 44 

349 6 

349 3 

1 67 

178 

+ 02 

-0 11 

11-10 

Jacob 8-7 , Jacob 3 

1857 43 

347 3 

345 5 

1 61 

173 

+18 

-012 

8 

Jacob 5 , Jacob 3 

185820 

343 4 

342 6 

1 53 

170 

+0 8 

-017 

3 

Jacob 

1859 72 

3381 

336 8 

15± 

164 

+13 

-014 

4-2 

Powell 

1861 69 

328 8 

328 5 

1 5± 

158 

+0 3 

-0 08 

4-1 

Powell 

1862 27 

325 3 

325 8 

15± 

156 

-0 5 

-0 06 

6-1 

Powell 

1863 84 

3181 

319 0 

— 

152 

-09 

— 

4 

Powell 

1870 19 

2861 

287 0 

— 

144 

-0 9 

— 

2 

Powell 

1871 22 

2819 

2813 

— 

143 

+0 6 

— 

1 

Powell 

1876 66 

257 4 

2681 

145 

143 

-0 7 

+0 02 

4 

Schiaparelli 

1876 64 

2631 

263 0 

167 

143 

+01 

+0 24 

- 

Stone 

1877 63 

247 6 

247 9 

1 47 

142 

-0 4 

+0 05 

9-7 

Schiaparelli 5, Stone 4-3 

1878 49 

242 6 

243 0 

136 

143 

-0 4 

-0 07 

2 

Stone 

1880 67 

232 7 

232 0 

124 

143 

+0 7 

-019 

2 

Kussell 1 , Hargrave 1 

1881 72 

225 6 

2261 

142 

143 

-0 6 

-0 01 

3-2 

H C Wilson 

1883 62 

217 7 

216 3 

166 

143 

+14 

+0 23 

4-1 

H C Wilson 

1886 64 

2019 

200 6 

144 

144 

+13 

±0 00 

7 

Pollock 6 , Eussell 1 

1887 71 

196 4 

195 2 

142 

146 

+12 

-0 04 

8-5 

Pollock 4 , Tebbntt 4-1 

1888 66 

188 6 

190 6 

146 

147 

-2 0 

-0 01 

7-3 

Tebbiitt 6-3 , Leavenwoith 1 

1889 62 

186 4 

1861 

1 70 

149 

-0 7 

+0 21 

8-3 

Buinham 4-3 , Tebbutt 4-0 

1890 62 

1816 

1816 

161 

151 

±00 

+010 

10-4 

Tebbutt 4 , Sellers 6-0 

1891 53 

176 9 

177 0 

168 

154 

-01 

+ 014 

3 

Buinham 

1892 64 

172 9 

172 3 

1 65 

167 

+0 6 

+0 08 

5-2 

Tebbutt 

1894 80 

166 5 

363 5 

162 

1 65 

+2 0 

-0 03 

5-6 

Tebbutt 

189573 

169 2 

169 9 

159 

169 

-0 7 

-0 10 

2 

See 


Ephemebis 


t 

Be 

Pc 

t 

Oc 

Pc 


0 

I! 


O 

n 

1896 50 

157 4 

1 71 

1899 50 

147 2 

185 

1897 60 

154 0 

176 

1900 50 

143 8 

190 

1898 60 

150 6 

180 
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It will be seen that my orbit is quite similai to that found by Gore. 
Though the period is not defined with the greatest accuracy, it does not seem 
piobable that the value given above can be uncertain by more than five yeais. 
The eccentricity will certainly be in the immediate neighborhood of the value 
heie assigned, and an error exceeding ±0 02 is very impiobable The orbit of 
y Coronae Australis is therefore compai*ativoly well determined, and yet as groat 
accuracy m the orbits of double stars is ultimately desirable, soiithcru obsciveis 
will find this system woithy of constant attention. 


^DELPTrm = ; 8 l 51 . 

a = SOh 32"' 9 , 8 = +14° 15' 

4, yellow , 6, yellowish 

Discoveted ly Binnham with Jus (eJeh)ated sii-indi ClmJv Befiacto'i in 1873 

Observations 


t 


Po 

n 

Obsorveis 

i 

Oo 

Po 

n 

Obsciveis 

1873 60 

355 ± 

0 7 

1 

Bui Ilham 

1886 61 

222°9 

<04 

1 

H Stiuve 

1874 66 

16 6 

0 66 

5 

Dembowski 

1886 96 

216 6 

0 38 

8 

Englemann 

1874 70 

13 6 

0 49 

3-1 

Newcomb 

1886 78 

257 8 

obi 

1 

H Struve 

1874 78 

80 

0 69 

1 

0 Stiuve 

1886 88 

2381 

0 22± 

7 

Schiaparelli 

1875 61 

14 7 

0 42 

4 

Schiapaielli 

1886 91 

219 6 

0 39 

4 

Englemann 

1876 66 

201 

0 64 

4 

Dembowski 

1887 66 

278 6 

0 36 

6 

Tan ant 

1876 66 

25 8 

0 48 

4 

Dembowski 

1887 66 

272 0 

0 39 

6 

H Stiuve 





1887 76 

3081 

03± 

1 

Hough 

1877 27 

17 7 

0 35 

2 

Schiapaielli 

1887 85 

287 8 

02± 

8 

Schiapaielli 

1877 71 

29 7 

0 51 

6 

Dembowski 

1888 65 

304 0 



1877 79 

40 8 

0 32 

2 

Buinham 

0 30 

6 

Burnham 


1888 76 

300 9 

0 36 

3 

H Stiuve 

1878 66 

53 T 

0 24 

4 

Burnham 

1888 84 

3116 

0 25 

17 

Schiapaielli 

1878 76 

69 2 


1 

Dembowski 

1889 50 

314 2 







0 31 

6 

Burnham 

1879 56 

90 ± 

elong 

doubtful 

2 

Buinham 

1889 78 

318 6 

0 43 

6 

H Struve 

1880 68 

133 6 

0 26 

3 

Burnham 

1889 86 

319 2 

0 37± 

11 

Schiapaielli 

1880 76 

214 6 

02± 

2 

Hall 

1890 49 

324 2 

0 45 

4 

Burnham 

1881 54 

149 2 

0 26 

5 

Burnham 

1890 89 

326 6 

0 43 

12 

Schiapaielli 

1881 88 

164 7 

— 

1 

Bigourdan 

1891 45 

3316 

0 38 

4 

Burnham 

1882 60 

167 5 

0 26 

3 

Burnham 

1891 64 

3301 

0 39 

3 

Hall 





1891 76 

334 0 

0 48 

6 

H Struve 

1883 25 

183 9 

019 

7 

Englemann 

1891 86 

158 2 

— 

1 

Bigourdan 

1883 55 

182 5 

0 23 

3 

Buinham 

1891 87 

333 7 

0 43 

9 

Schiapaielli 

1884 69 

196 9 

0 32 

3 

Hall 

1892 39 

338 7 

0 60 

4 

Burnham 

1884 71 

197 7 

0 32 

4 

Englemann 

1892 88 

337 6 

0 49 

2 

Barnard 

1884 77 

199 2 

0 29 

5 

Buinham 

1892 93 

340 7 

0 62 

6 

Schiaparelli 
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t 

do 

Po 

n 

Observers 

t 

do 

Po 

n 

Observers 

1893 62 

Z39 2 

o"58 

2 

Leavenwortb. 

1894 79 

348°6 

// 

1 

HC Wilson 

1893 53 

338 8 

0 73 

2 

HC Wilson 

1894 83 

347 2 

0 48 

13 

Schiaparelli 

1893 62 

335 3 

0 57 

3 

Hongh 






1893 70 

342 2 

0 66 

6 

Barnard 

1895 31 

3518 

0 50 

1 

See 

1893 79 

346 8 

0 61 

3 

Comstock 

1896 42 

349 8 

0 73 

6 

Barnaid 

1893 87 

344 2 

0 49 

13 

Schiaparelli 

1895 61 

3521 

0 80 

1 

See 

1893 96 

345 8 

— 

1 

Bigourdan 

1896 61 

3521 

0 64 

1 

See 

1894 51 

346 3 

0 56 

8 

Barnard 

1895 66 

350 8 

0 58 

3 

Comstock 


"When discovered in 1873 the companion was near its maximum elonga- 
tion, and was easily measured by Dembowski in 1874 The measures 
of the next few years showed that the pair had a rapid direct motion * In 
1879-80 the distance of the components became so small (about 0" 20) that the 
object could be elongated only by the most powerful telescopes The measures 
at this time are therefore few in number, and necessarily of doubtful accuracy. 

Since the epoch of Dbmbowski’s measures in 1874, the radius-vcctor of 
the companion has swept over 335 degrees of position-angle, and the intervening 
obsei vations enable us to determine the orbit with a comparatively high degree 
of piecision. The following table gives the orbits hitherto published for this 
star 


P 

T 

e 

a 

9, 

% 

x 

Authority 

Source 

yrs 

26 07 

1882 19 

0 357 

n 

0 55 

les^e 

54°9 

364° 6 

Dubiago, 

1884 

A N , 2602 

30 91 

1882 25 

0 337 

0 517 

2 67 

59 33 

327 8 

Goie, 

1885 

Pioc R I A ,IV, no 6 

16 95 

1885 80 

0 096 

0 460 

10 9 

616 

220 9 

Celoria, 

1888 

A N , 2824 

22 97 

1882 37 

0 260 

0 501 

174 2 

641 

343 9^ 

Glasenapp, 

1893 

A N , 3177 

24 16 

1882 38 

0 284 

0 51 

174 4 

64 64 

344 2 

Glasenapp, 

1893 

AN, 3177 


From an investigation of all the observations we find the following 
elements for ^DelpTiini. 


P = 27 66 years 

Q = 3=9 

T = 1883 05 

i =61° 35 

6 = 0 373 

A = 164° 93 

a = O'' 6724 

w = +13° 015 

Apparent orbit • 

• 

Length of major axis 

= 1" 060 

Length of minor axis 

= 0"477 

Angle of major axis 

= 2°5 

Angle of periastron 

= 176° 6 

Distance of star from 

centre = 0"194 

A^trqnormodl Jourml^ 857, 








t 
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The accompanyiTig table of computed and observed places shows that 
these elements arc extremely satisfactory. The only large residual is that of 
1880, which IS probably due to an eiror of observation incident to the excessive 
closeness of the components 


Comparison of Computed with Observed Places 


t 

dc 

9c 

Po 

Pc 

Oo — Oe 

Po — Pe 

n 

Observers 

1874 66 

166 

15 2 

0 65 

// 

0 62 

-h 

o 

03 

+ 0"03 

5 

Dembowski 

1876 65 

201 

20 0 

0 54 

0 55 

-h 

01 

-0 01 

4 

Oembowski 

1876 65 

25 8 

26 2 

0 48 

0 48 



04 

±0 00 

4 

Dembowski 

1877 76 

35 3 

36 2 

0 41 

0 38 



0 9 

+ 0 03 

7 

Dembowski 5 , Biimham 2 

1878 70 

56 4 

501 

0 24 

0 29 


63 

-0 05 

5-4 

Burnham 4, Dembowski 1-0 

1879 66 

90 ± 

713 

doubtful 

0 23 


— 



2 

Burnham 

1880 68 

133 6 

114 7 

0 26 

0 20 

+18 9 

+ 0 06 

3 

Burnham 

1881 64 

149 2 

146 6 

0 26 

0 24 

-f- 

36 

+ 0 02 

6 

Burnham 

1882 60 

167 5 

1691 

0 26 

0 31 



1 6 

-0 05 

3 

Burnham 

1883 40 

183 2 

181 7 

0 21 

0 33 

4- 

1 5 

-0 12 

10 

Englemann7, Burnham 3 

1884 72 

197 6 

201 2 

0 31 

0 33 

— 

36 

-0 02 

12 

Halls, Englemann4, Buinham 5 

1886 96 

219 8 

220 7 

0 39 

0 28 

— 

09 

+ 011 

9 

EnglemannS, II Struve 1 

1886 86 

248 0 

247 4 

0 30 

0 24 

+ 

06 

+ 0 06 

8-11 

Sch 1, EnglemannO-4, H Struve 1-0 

1887 70 

276 2 

2718 

0 31 

0 24 

+ 

34 

+ 0 07 

18-19 

Tai 5, Ho 1, Schiaparelli 8, IT Stiuve 6 

1888 65 

302 4 

296 3 

0 30 

0 27 

+ 

61 

+ 0 03 

8-5 

Burnham 5 , II Struve 3-0 

1889 68 

317 3 

313 8 

0 34 

0 34 


36 

±0 00 

16 

jS 5, Schiapaielli 11, H Struve 6-0 

1890 69 

325 3 

326 2 

0 44 

0 41 

+ 

01 

+ 0 03 

16 

Burnham 4, Schiaparelli 12 

1891 68 

332 4 

333 6 

0 42 

0 48 

— 

11 

-0 06 

21 

p 4, HI 3, Schiaparelli 9, H Stiuve 5 

1892 66 

339 7 

339 9 

0 61 

0 64 

— 

02 

-0 03 

9 

Schiaparellis, Burnham 4 [Big 1-0 

1893 71 

3417 

344 8 

0 68 

0 61 

— 

31 

-0 03 : 

24-23 

Lv 2, n C W 2, Ho 3, Com 3, Sch IS, 

1894 81 

347 9 

349 3 

0 48 

0 65 



14 

-017 : 

14-13 

H C Wilson 1-0, Schiaparelli 13 

1896 61 

352 0 

3619 

0 65 

0 68 


01 

-0 03 

3 

See 


The piesent orbit is somewhat more eccentric than those heietofoie pub- 
lished, and in this respect it conforms better to the general rule among binaries. 
That the oibit has an eccentricity of about this magnitude is evident from the 
rapid motion of the radius-vector in the periastral region, and its slow motion 
at the present tune The slow, angular motion of the radius-vector during 
recent years indicates, of course, that the distance of the companion is much 
inci eased, and this leads us to remind obseivers that the present distance is 
sensibly laiger than some have indicated by their measures. At present the 
distance is probably over 0"65, and for some years will slightly augment 

It does not seem at all probable that the true elements of this remarkable 
binary can differ mateiially from those here obtained Nevertheless, additional 
exact measures will be valuable in fixing the orbit with great accuracy, and as 
the star will be lelatively easy for several years, observers should give it 
regular attention. The following is a short ephemeiis; 
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t 

Be 

Pc 

t 

ec^ 

Po 

1896 61 

355 B 

071 

1899 51 

4°9 

072 

1897 61 

368 6 

0 72 

1900 51 

82 

0 69 

1898 61 

17 

0 72 
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a = 20" 46™ 1 , 8 = —6® 1' 

6, yellow , 7, yellow 

Discovered hy Sir William Herschel^ September 3, 1782 
Observations 


t 

h 

Po 

n 

Obserrers 

i 

h 

Po 

71 

Observers 

1783 56 

351°5 

ff 

1 

Herscbel 

1875 62 

1570 

0 4± 

4 

Scbiaparelli 

1802 66 

28 9 

— 

2 

Herschel 

1877 15 

148 7 

0 66 

3 

Dembowski 

1826 60 

27 5 

0 80 

2 

Struve 

1877 70 

158 5 

05± 

1 

Cincinnati 

1830 92 

13 4 

0 69 

1 

Struve 

187944 

1664 

0 57 

6-1 

Cincinnati 

1832 73 

46 0 

067 

2-1 

Hersobel ' 

1879 76 

165.9 

* \O40 

4 

Hall 

1832 90 

23 0 oblonga 

1 

Struve 

1880 78 

165 6 

061 

2 


1833 77 

312 

0 67 

1 

Struve 

1881 64 

169 6 

0 52 

3 

Bnmhmk 

1836 05 

46 3 

041 

4 

Struve 

1883 84 

1821 

— 

1 

Seabroke 

1839 68 

62 2 

— 

2 

Dawes 

1884 77 

166 8 

— 

7 

Seabroke 

1840 72 

65 5 

06± 

2 

Dawes 

1885 64 

1661 



1 

Seabroke 

1841 51 

24 6 

06± 

1 

Madler 

1886 74 

167 9 

0 46 

3 

Hall 

1841 80 

72 7 

— 

1 

Dawes 

1886 69 

162 6 

— 

1 

Seabroke 

1842 82 

27 2 

0 46 

2-1 

Madler 

1886 74 

168 3 

0 64 

3-2 

Leavenworth 

1843 70 

319 

06± 



1886 84 

174 8 

0 47 

2 

Hall 

3 

Madler 



1843 76 

817 



1 

Dawes 

1887 28 

173 4 

0 41 

7 

Schiapaielli 

1844 90 

231 

05± 



1887 79 

175 9 

0 63 

3 

Hall 

1 

Madler 

1887 82 

170 6 

0 62 

2 

Tan ant 

1863 70 

95 9 

0 5± 

1 

Dawes 

1888 81 

172 4 

0 48± 

6 

Schiaparelli 

1864 75 

1017 

03± 

1 

Dawes 

1889 51 

166 5 



1 

Seabroke 

1856 

— 

— 

1 

Seccbi 

1889 88 

176 7 

0 49± 

2 

Schiapaielli 

1856 81 

107 8 

03± 

1 

Secchi 

1890 78 

178 2 

0 49 

2 

Tarrant 

1862 68 

137 6 

oblonga 

3 

Dembowski 

1891 77 

1781 

0 60± 

1 

Schiaparelli 

1866 71 

125 ± 

enmeo 

1 

Secelii 

1892 70 

184 6 

0 56 

3 

Tarrant 

1866 74 

143.6 

— 

1 

Talmage 

1892 80 

1817 

0 33 

2-1 

Comstock 

1866 08 

139 6 

oblonga 

3 

Dembowski 

1892 91 

187 0 

04± 

1 

Schiaparelli 

1866.65 

125 6 

— 

3 

Searle 

1893 81 

182 4 

0 36± 

2-1 

Comstock 

1866.66 

110 0 

— 

5 

Winlock 

1894 86 

186 5 

0 38± 

3 

Schiaparelli 

1867-86 

1411 

030 

1 

Newcomb 

1895 61 

193 9 

0 30± 

1 

Comstock 

1872 88 

147,6 

oblonga 

6 

Dembowski 

1896 73 

184,2 

0 33 

3 

See 
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This double star is always an exceedingly close and difficult object Sir 
W iLLiAin IIbksohbl ineasuied the position-angle in 1783, and on lepeatinghis 
ob&eivation in 1802, concluded that in nineteen years the motion had amounted 
to 37° 4 {Phil JVaws, 1804, p 371) In 1825 the star was measured by Struve 
on two nights , his observations gave 6 = 25° 0, p = 0" 81, 9 — 30° 0, p = 0" 80 
These lesults do not accord well with those of 1802, but we may infer with* 
Dawes {Mem JR A 8., vol xxxv p 427) that Hbrsoiibl’s second observation is 
eironeous Foi it is clear that the angle could not have been the same in 1802 
as m 1825, and the subsequent motion of the star shows that Struve’s first 
position is essentially correct All the eaily and some of the moi e recent meas- 
ures of 4:Aquam aie extremely discordant, and great difficulty is experienced 
in determining what measures ought to be relied upon Caieful sifting of the 
observations and judicious combinations of individual results will alone insure 
suitable mean places for the derivation of a satisfactoiy set of elements We 
have relied piincipally upon the work of Sir William Hersoiiel, Struve, Sir 
John Herschel, Dawes, Madler, Secchi, Dembowski, Hall, Burnham, 
Schiaparelli and Comstock 

The following elements of 4cAquani have been published by previous 
computers 


p 

T 

e 

a 

Q, 


A 

Authority 

Source 

yis 

129 8 
126 66 

1762 0 
1899 88 

0 46 

0 543 

n 

0 72 

0 7036 

340°2 
177 4 

66°6 
68 61 

236°0 
74 25 

Doberok, 1877 
See, 1895 

A N , 2287 

A J , 341 


A revision of my former orbit of this star gives the following elements 


Apparent orbit 


F = 129 0 yeais 


= 177° 7 

T = 1899 40 

% 

= 72° 53 

e = 0 514 

\ 

= 68° 63 

a = 0"732 

71 

= +2° 7907 


Lengtli of majoi axis 

= 1"288 

Length of minor axis 

= 0" 43 

Angle of ma]oi axis 

= 0°3 

Angle of peiiastron 

= 215° 2 


Distance of star from centie = 0" 173 


The accompanying table of computed and observed places shows a very 
satisfactory agreement The present orbit is narrower than the one recently 
pubhshed in the Astronomical Journal, 341, hut the great discordance of results 
of individual observers shows that the object has always been extremely close; 
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and hence we thint the chances favor the present orbit, which differs from the 
previous one chiefly in the higher inchnation. It is noticeable that the repre- 
sentation of the more recent observations is sensibly improved. 


Comparison of Computed -with Obseryed Places 


t 

Bo 

9c 

Po 

Pc 

do $c 

Po pc 

n 

Observers 

1783 55 

3515 

352 2 

H 

0 63 

o 

- 07 

It 

1 

Herscliel 

1825 60 

26 0 

24 0 

0 80 

0 64 

+ 10 

+016 

1-2 

Struve 

1832 18 

27 5 

314 

0 69 

0 55 

- 39 

+014 

4-1 

Struve 1 5 Herscliel 2-1 , Struve 1 

1833 77 

312 

33 6 

0 67 

0 53 

- 23 

+014 

1 

Struve , 

1836 05 

40 9 

37 0 

0 41 

0 50 

+ 39 

-0 09 

4 

Struve 

1841 12 

45 0 

46 4 

06± 

0 43 

- 14 

+017 

3 

Dawes 2 , Madler 1 

1842 31 

49 9 

50 3 

0 46 

0 40 

- 04 

+ 0 05 

3-1 

Dawes 1 , Madler 2-1 

1843 73 

56 8 

53 0 

06± 

0 39 

-h 3 8 

+011 

4-3 

Madler 3 , Dawes 1 

1849 30 

69 5 

68 8 

06± 

0 34 

- 93 

+016 

2 

Madler 1 , Dawes 1 

1854 75 

1017 

85 9 

03± 

0 31 

+15 8 

-0 01 

1 

Dawes 

1856 81 

107 8 

97 8 

03± 

0 31 

+ 10 0 

-0 01 

1 

Secclii 

1864 20 

1312 

125.4 

cuneo 

0 34 

+ 58 

— 

4 

Dembowski 3 , Secclii 1 

1866 08 

139 6 

131 2 

oblonga 

0 36 

+ 84 



3 

, Dembowski 3 

1867 86 

1411 

136 2 

030 

0 38 

+ 49 

-0.08 

. 1 


1872 88 
1876 82 

147 5 
154 7 

142<.6 
165 2 

0 49 

0.41 

0 47 

+ 49 
_ 06 

+0 02 

: 5 

8 

' 3 f 1 

1879 60 

156 2 

169 7 

0 49 

0 49 

- 35 

±0 00 

9-5 

Cinoiiittati 5-1 , 

1881 16 

162 5 

1621 

0 52 

0 50 

+ 04 

+0 02 

5 

Pntcliett 2 , Bumbam t i4 

1885 74 

167 9 

168 9 

0 46 

0 51 

- 10 

-0 06 

3 

Hall 

1886 79 

1715 

170 5 

0 50 

0 51 

+ 10 

-0 01 

5-4 

Leavenworth 3-2 , Hall 2 

1887 63 

173 3 

172 2 

0 49 

0 50 

+ 11 

-0 01 

12 

Schiaparelli 7, Hall 3 , Tarrant 2 

1888 81 

172 4 

173 5 

0 48 

0 49 

- 11 

-0 01 

5 

Schiapaielli 

1889 88 

176 7 

175 3 

-H 

o 

0 48 

+ 14 

+0 01 

2 

Schiaparelli 

1890 78 

178 2 

176 9 

0 49 

0 47 

+ 13 

+0 02 

2 

Tarrant 

1891 77 

1781 

178 6 

-H 

o 

o 

0 45 

- 04 

+0 06 

1 

Schiaparelli 

1892 85 

1817 

1810 

0 37 

0 42 

+ 07 

-0 06 

2 

Comstock 2-1 , Schiaparelli 0-1 

1893 25 

183 4 

1818 

0 46 

0 41 

+ 16 

+0 04 

5-4 

Tarrant 3 , Comstock 2-1 
Schiaparelli 

1894 86 

186 6 

185 3 

038± 

0 37 

+ 12 

+0 01 

3 

1896 67 

189 0 

188 8 

0 32 

0 33 

+ 02 

-0 01 

4 

Comstock 1 , See 3 


The period here indicated is not likely to be in error by more than five 
years, while a variation of ±0 03 in the eccentricity does not seem probable. 
It IS therefore unlikely that future observations will greatly alter the present 
elements, but as some improvement is still desirable, astronomers should con- 
tinue to give this star careful attention During the next few years the motion 
will be very rapid, and the object excessively difllcult, but for this very reason 
observations will be the more valuable 

The following is an ephemeris for five years: 


t 

Oc 

Pc 

t 

dc 

Pc 


1896 80 

193°5 

028 

1899 80 

224°0 

ou 


1897 80 

199 4 

0 24 

1900 80 

2441 

012 

• 

1898 80 

2081 

019 
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S EQUULEI = 01535 . 

a = 21» 9“ 6 , 8 = +9° 37' 

4 6, yellow , 5 0, yellow 

Discovered by Otto Struve^ Avgust 19, 1852 


Observations 


t 

Oo Po 

n 

Observers 

t 


Po 

n 

Observers 

1862 64 

22 5 0 46 

1 

0 Struve 

1881 46 

22°1 

038 

4 

Burnham 

1852 67 

18 8 0 43 

1 

0 Struve 

1882 63 

98 

0 29 

3 

Burnham 

1863 91 

11 9 0 27 

1 

0 Struve 

1883 66 

307 6 

0 21 

3 

Burnham 

1864 69 

simple 

1 

0 Struve 

1886 84 

203 5 

0 47 

2 

Hall 

1866 57 

simple 

1 

0 Struve 

1886 87 

204 6 

0 35 

6-2 

Schiaparelli 



0 Struve 

1886 91 

203 2 

0 47 

4 

Englemanii 

1867 67 

207 6 0 21 

1 





1857 67 

211 8 0 23 

1 

0 Struve 

1887 78 

196 2 

0 49 

2-1 

Hough 



0 Struve 

1887 79 

195 8 

0 44 

6 

Tarrant 

1858 59 

16 8 0 40 

1 

1887 80 

198 7 

0 41 

4 

Hall 

1859 66 

13 6 0 39 

1 

0 Struve 

1887 86 

196 0 

0 33 

11-8 

Schiaparelli 

1861 67 

236 ’ oblong 

1 

0 Struve 

1888 69 

189 9 

0 26 

4 

Burnham 


0 Struve 

1888 90 

187 0 

016 

14-10 

Schiaparelli 

lie® 91 

203 3 <0 6 

1 




* 


Harvard 

1889 51 

163 2 

010± 

1 

Burnham 

1869 74 

15 6 — 

6-0 

1889 82 

1931 

02± 

1 

Hough 

1870 73 

80 — 

1-0 

Dun4r 

1889 84 

176 0 

015 

3 

Schiaparelli 

1874 67 

24 0 oblong 

1-0 

0 Struve 

1890 88 

single 

— 

3 

Schiaparelli 

1874 73 

1 8 cuneifoiine 1-0 

0 Struve 

1891 63 

316 

0 20 

5 

Burnham 

1874 75 

221 2 0 33 

1 

0 Struve 

1891 86 

23 4 

0 21 

5 

Schiaparelli 

1877 76 

166 4 0 2± 

1 

Buruham 

1892 39 

26 6 

0 35 

4 

Burnham 


Burnham 

1892 91 

22 8 

0 30 

2 

Schiapaielli 

1878 66 

eloTig. doubtful 

2 

1893 93 

16 8 

0 26 



Schiaparelli 

1879 76 

160 0 doubtful 

2 

Hall 

1893 97 

200 2 

— 

Bigouidan 

1880 60 

29 1 0 35 

5 

Burnham 

1894 86 

simple 

— 

4 

Schiaparelli 


The pair was first measured in 1852, and when the observations were re- 
peated the following year it was found that there was a slight diminution in 
the angle of position as well as in the distance In 1854 and in 1856 the star 
was noted as single, but in 1857 the companion appeared in the opposite quad- 
rant, and hence it became evident that the star is a binary m rapid retrograde 
motion. Continued observation disclosed the fact that the orbit is highly 
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mclined upon the visual ray, and Stbuve’s measures seemed to indicate a peiiod 
of 6 5 or 13 years Since 1877 the star has been carefully followed by Bukkt- 
HAM, and by means of his fine senes of observations we are enabled to deiive 
a very satisfactory mbit 

The two orhits heretofore published for this stai- aie as follows 


p 

T 

e 

a 

9 , 

% 

1 

Autliority 

Source 

yxs 

11 48 
1145 

1812 0 
1892 80 

0 20 
014 

041 

0 452 

24° 0 

22 2 

818 
79 05 

26°6 

0 00 

Wrublewsky, 1887 
See, 1896 

A N , 2771 

A N , 3290 


An investigation of all the observations leads to the following elements of 
S Equulei 


Apparent orbit 


P = 11 45 years 

a = 

22“ 

2 

T = 1892 80 

^ = 

79“ 

0 

e = 0165 

X = 

0“0 

a = 0"452 

n = 

-31“.441 

Length of major axis 


___ 

O 

o 

Length of minoi axis 


= 

0" 171 

Angle of majoi axis 


= 

22" 2 

Angle of peiiastion 


= 

22“ 2 

Distance of star fiom 

centie 

) r= 

0"075 


The following table gives a comparison of the computed with the obscived 
places, and shows that the present elements will never require any considerable 
correction Only a few large deviations occur, and these are piobably to be 
explained by the extreme difficulty of the object* 

Bubitham’s measure of 1877 is marked “ doubtful,” and is practically 
only an estimate, as the object was very difficult to separate 

It will be seen that the eccentricity of this orbit is considerably smaller 
than that generally found among double stars It is also remarkable that the 
real major aas coincides with the hne of nodes, so that X is zero 

hlEquulei and KPegasi are the most rapid binaries in the heavens, and on 
this account are worthy of special attention from observers who have large 
telescopes The elements given here need to he tested by further observation. 
It is especially important to determine the maximum distances of the companion 
when the angles are about 22° and 202° respectively, as this would furnish a 
more exact determination of the eccentiicity and the major axis. 


^ AstronomMche Nachricht&n^ 3290 








K PBGA8I = j8 989 


Comparison op Computed with Observed Places 


t 



Po 

Pc 

^0-^0 

Po pc 

n 

Observers 

1862 65 

200^6 

202^^5 

If 

0 44 

n 

0 62 

0 

- 19 

-o ' 08 

2 

0 Struve 

1853 91 

1919 

196 6 

0 27 

0 46 

- 47 

-019 

1 

0 Struve 

1857 67 

29 7 

29 6 

0 22 

0 33 

+ 01 

-0 11 

2 

0 Stxuve 

1858 59 

16 8 

210 

0 40 

0 38 

- 42 

+0 02 

1 

0 Struve 

1859 65 

13 5 

87 

0 39 

0 25 

+ 48 

+0 14 

1 

0 Struve 

1865 91 

203 3 

192 8 

04± 

0 38 

+10 5 

+ 0 02± 

1 

0 Stiuve 

1869 74 

16 6 

23 6 

— 

0 38 

- 79 

— 

6 

Harvard 

1870,78 

80 

14 2 



0 31 

- 62 

— 

1 

Dun^r 

1874 74 

212 6 

206 2 

0 33 

0 48 

+ 64 

-016 

2-1 

0 Struve 

1877 76 

166 4 

187 9 

02± 

0 30 

-316 

-0 10 + 

1 

Burnhaiu 

1880 60 

29 1 

29 3 

0 35 

0 33 

- 02 

+0 02 

6 

Burnham 

1881 46 

221 

212 

0 38 

0 37 

+ 09 

+0 01 

4 

Burnham 

1882 63 

98 

71 

0 29 

0 24 

+ 27 

+0 05 

3 

Burnham 

1883 55 

307 6 

302 2 

0 21 

0 09 

+ 54 

+012 

3 

Burnham 

1886 87 

203 8 

2031 

0 47 

0 62 

+ 07 

-0 05 

12-6 

Hall 2 , Schiaparelli 6-2 , Engleman 

1887 81 

196 2 

198 9 

0 42 

0 60 

- 27 

-0 08 

22-18 

Ho 2-1 , Tar 5 , Hall 4 , Schiaparelli 

1888 80 

188 5 

192 9 

0 20 

0 49 

- 44 

-0 29 

18-14 

Burnham 4 , Schiaparelli 14-10 

1889 72 

1771 

180 0 

016 

0 22 

- 29 

-0 07 

5 

Burnham 1 , Hough 1 , Schiaparelli 

1890 88 

single 

66 4 


012 

— 

— 

3 

Schiapaielli 

1891 74 

27 5 

35 0 

0 20 

0 26 

- 76 

-0 06 

10 

Buinham 5 , Schiaparelli 5 

1892 65 

24 7 

23 5 

0 32 

0 38 

+ 12 

-0 06 

6 

Burnham 4 , Schiaparelli 2 

1893 93 

16 8 

10 0 

0 26 

0 26 

+ 68 

-0 01 

6 

Schiaparelli 

1894 85 

simple 

324 8 

— 

010 

— 

— 

- 

Schiaparelli 


The following is 

a short ephemeris: 


t 

e. 

Pc 

t 

1896 85 

211°1 

0 39 

1899 85 

1897 86 

205 2 

0 50 

1900 85 

1898 85 

200 8 

0 62 



196°8 044 
186 4 0 28 


K PEGASI = )8 989. 

a = 21^ 1,8 = -1-26° 11' 

4 3, yellowish , 6 0, yellowisli 

Dtscovered hy Burnham, August 12, 1880 

Observations 


t 


Po 

n 

Observers 

t 

$0 

Po 

M 

n 

Obs( 

1880 68 

137°9 

0 27 

4 

Burnham 

1891 61 

160°0 

010 

3 







1891 81 

144 6 

0 13 

4 

Bull 

1883 02 

116 0 

016 

1 

Englemann 

1891 92 

159 0 

018 

3 

Schi 

1888 78 

274 7 

0 23 

3 

Burnham 











1892 39 

132 8 

018 

4 

Bun 

1889 61 

262 3 

014 

4 

Burnham 

1892 88 

1310 

0 20 

1 


1890 57 

187.1 

010 

4 

Burnham 

1892 96 

1361 

0 20 

4 

Sch 
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t 

do 

Po 

n 

Observers 

t 

6. 

po 

n 

Obsci vots 

1893 61 

1210 

029 

3 

Leavenwoitli 

1804 51 

117°0 

ft 

010 

7 0 

n, miaul 

1893 77 

127 5 

0 20 

2 

Bainaid 

1804 83 

111 8 

0 1 1 

1 

L(‘vvis 

1893 82 

130 6 

026 

2-1 

Comstock 

1891 87 

1147 

01^1 

() 

S<*hm|)ai(0h 

1893 92 

123 6 

0 27 

8 

Schiapaielli 

1805 ()2 

107 0 

0 17 

<; 

Haul 


This remaikable double star was discovered with the lH-in<h retiaetoi of 
the Deal born Observatoiy. Its extreme closcncsK led to the Ix'Iief that it 
would piove to be binary,* and accordingly it has been found to be in raiud 
revolution Dr EivGLEMAinsr of Leipzig succeeded in making one nieahuie of 
the pail in 1883, which indicated a letiograde motion Buknii \m's ineasiueH 
were continued at the Lick Observatory fioin 1888 to 1802, and the new data 
thus obtained enabled him for the fiist tune to get the apjiroviniale period of 
revolution (Monthly Mottoes, Maich, 1891) 

At the request of Burnham and the wiiter, Baunako Iuih siiiee fol- 
lowed the star, and obtained additional measures which appixir to be hudleimit 
to give us a reasonably good approximation to the eleinentH ol‘ the orbit. 
In his first examination of the motion of this pair, Buunii vm made the orbit 
nearly circular, but the recent observations show that the orbit has about 
the usual eccentricity pievailing among binaries, and that tiu' inclination of 
the orbit is veiy high In the Monthly Mottoes for November, 1801, Mn Lewis 
has given a set of measuies recently obtained with the (Iremiwicli 28-inch 

refiactor, and sketched an apparent orbit which would better satisly tin' latest 
observations. 

Having collected all the observations of this ddlicnlt star, including some 
unpubhshed measuies kindly furnished by Barnaud last Autumn, we have 

investigated the orbit by the method of Klinkerfukh, and (hid tlie (bllowin<» 
elements; ^ 

P = 11 42 yeais 
T = 1896 03 
6 = 049 
a == 0"4216 

Apparent oibit: 


Length of majoi axis = 

Length of minoi axis = 0" 130 

Angle of maior axis = lin'’7 

Angle of peiiastion 30 ® 3 

Distance of stai fiom centie = 0"0.32 


» = 8l'’2 
« = 110*25 
A. = 89*2 
n = -31*5230 


* Astronomtsche Nachnehten, 3285 
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COMPARISOir OF COMFUrtD 'WITH ObSKKTRD PXiAOES 


t 

6o 

6c 

Po 

Pc 

6a — Oc 

po — pc 

n 

Obsei vers 

1880 68 

137°9 

136°7 

// 

0 27 

n 

0 22 

+ 12 

+005 

4 

Biunliain 

1883 02 

116 0 

119 5 

0 16 

0 27 

- 35 

-oil 

1 

Engleuiaim 

1888 78 

274 7 

2741 

0 23 

0 21 

+ 06 

+0 02 

3 

Buinliaui 

1889 51 

262 3 

257 9 

014 

015 

+ 44 

-0 01 

4 

Bui nliam 

1890 57 

1871 

1916 

010 

0 10 

- 44 

±0 00 

4 

Biunham 

1891 61 

160 0 

146 0 

010 

018 

+ 50 

-0 08 

3 

Bui nliam 

1891 81 

144 6 

140 2 

013 

0 20 

+ 44 

-0 07 

4 

Bui nil am 

1891 92 

159 0 

139 2 

0 18 

0 20 

+ 19 8 

-0 02 

3 

Scliiapaielli 

1892 39 

132 8 

133 2 

018 

0 24 

_ 0 

—0 06 

4 

Bui nil am 

1892 88 

1310 

1291 

0 20 

0 26 

+ 19 

-0 06 

1 

Bam aid 

1892 96 

135 1 

128 2 

0 20 

0 26 

+ 16 9 

-0 06 

4 

Schiapaielli 

1893 51 

1210 

125 6 

0 29 

0 27 

- 45 

+ 0 02 

3 

Leavenwoith. 

1893 77 

127 6 

123 2 

0 20 

0 28 

+ 43 

—0 08 

2 

Bainaid 

1893 82 

130 6 

123 0 

0 25 

0 28 

+ 76 

-0 03 

2-1 

Comstock 

1893 92 

123 6 

122 2 

0 27 

0 28 

+ 14 

-0 01 

8 

Scliiapaielli 

1894 51 

117 6 

118 8 

0 19 

0 26 

- 12 

-0 07 

7-6 

Barnard 

1894 83 

114 8 

116 7 

0 14 

0 25 

- 19 

-Oil 

4 

Lewis 

1894 87 

114 7 

116 6 

0 24 

0 25 

- 19 

-0 01 

6 

Soliiapaielh 

1895 62 

107 9 

106 7 

0 17 

016 

+ 12 

+0 01 

6 

Bainaid 


Efiiemfuis 


t 

6.^ 

Pc 

t 

ec 

0 

Pc 

n 

1896 80 

299°4 

021 

1899 80 

279 0 

0 24 

1897 80 

292 6 

0 27 

1900 80 

260 4 

016 

1898 80 

287 0 

0 28 





The agreement must be considered very satisfactory when account is taken 
of the extreme closeness of the components, and the high inclination of the 
orbit, which permits a small error in angle to have a marked effect on the 
distance From an examination of all the measures it seems probable that most 
observers haye underestimated the distances, and this certainly must have been 
the case with Dk Englbmann, who used only a 7.5-inch rcfiactoi, and there- 
fore could ijot have divided the components at a distance of 0 16 The com- 
puted distance is therefoie much more probable, and especially since the elements 
are based principally upon the excellent measures of Burnham and Barnard, 
made with the 36-inch refractor of the Lick Observatory. 

Burnham has repeatedly called the attention of astronomers to the high 
importance of systematically following such exti emely rapid binaries with large 
telescopes, so that we could in a few years derive orbits, which, in the case 
of most stars, would require the observations of centuries. 

We would beg to add that it is not only important to observe KPegas% 
annually, but especially at certain critical parts of its orbit, where measures 
would enable us to fix the eccentricity and the inclination more accurately 
Thus, according to the above elements, the minimum distance will occur just 
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after periastron passage in 1896 03, and measures made on either side of the 
periastron will he very valuable At the minimum distance (0".034) the star 
will be single in the largest telescope in the world, but it would be impoitant 
to ascertain just when this disappearance takes place, and how long it lasts 
According to the above orbit, the companion ought to be visible in a 30-inch 
refractor until August, 1895, and hence we suggest that observers should 
watch for it during the Summer of 1895 and the Autumn of 1896 Good 
observations at these epochs will be of the greatest value in improving the 
elements of the orbit. 


85 PEGASI = ^ 733. 

a = 23>> 66™ 9 , 8 = +26“ 34' 

6, yellowish , 10, bluish 

Discovered by Burnham m 1878 

Observations 


( 

^0 

Po 

n 

Observers 

t 

Oo 

Po 

n 

Observers 

1878 73 

274'’o 

n 

0 67 

3 

Burnham 

1889 59 

1U7 

094 

5 

Burnham 




Burnham 

1889 90 

137 0 

0 70 

6 

Schiaparelli 

1879 46 

284 6 

0 75 

5 






0 65 

6 

Burnham 

1890 55 

139 0 

0 78 

4 

Burnham 

1880 69 

298 3 

1890 96 

146 4 

0 71 

6 

Schiaparelli 

1880 79 

297 2 

0 66 

3-2 

Hall 

1891 66 

161 8 

0 79 

3 

Burnham 

1881 54 

3116 

0 58 

1 

Burnham 

1891 94 

162 7 

0 78 

3 

Schiaparelli 

1882 62 

89 4 

0 64 

1 

0 Struve 

1892 76 

169 7 

0.67 

1 

Burnham 


333 ± 



Burnham 

1892 94 

167 3 

0 74 

4 

Schiaparelli 

1883 75 

— 

1 







Hall 

1893 96 

1761 

0 76 

6-3 

Schiaparell 

1886 91 

1091 

0 79 

3 





Barnard 

1886 98 

1110 

0 58 

1 

Schiaparelli 

1894 64 

178 6 

0 84 

6 





1894 88 

2618 

0 86 

1 

Lewis 

1887 91 

119 3 

0 66 

1 

Schiaparelli 

1894 93 

188 6 

0 65 

2-1 

Schiaparell 

1888 69 

126 7 

0 95 

5 

Burnham 

1896 66 

190 2 

0 80 

10-9 

Barnard 

1888 96 

1241 

0 83 

3 

Hall 

1896 73 

198 4 

0 73 

3 

See 

1888 96 

128 3 

0 70 

7 

Schiaparelli 

1895 74 

204 8 

0.75 

2 

Moulton 


Since BmosTHAM’s discovery of this rapid binary, the companion has dt 
scribed an arc of 285° * The components are of the 6th and 11th magnitude! 
and so great an inequality in brightness combined with the closeness of th 
pair, renders exact measurement very dif3,eult Therefore it is not strange thi 


* AHroTLomische NacknchUn, 3339 
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the position-angles as well as the distances obtained by the same or by different 
observers should occasionally exhibit sensible discrepancies. Yet when the 
measures are properly combined into suitable yearly means we obtain a series 
of places which will give an orbit that is substantially correct 

Xlie fiist orbit of this pair was computed by Peopbssoe Schabbbele in 
1889; Ins elements are 


P = 22 3 yeais 
T = 1884 00 
e = 0 35 
a = 0" 96 


9, = 306“ 1 

I = 68° 6 

\ = 70° 3 
n = +16° 144 


Tins orbit represents the measures prior to 1891 with the desired accuracy, 
but the error in angle rapidly accumulated and in 1892 surpassed 20°. Accord- 
ingly, PuoFESSou Glasbnapp attempted an improvement of the orbit (AW 
314.1), and obtained a set of elements which rendered the residuals in angle 
exceedingly small. 


P = 17 487 yeais 
T = 1884 21 
e = 0 164 

B = 0" 80 


9 = 307° 32 
1 = 66° 74 
X = 69° 73 
n == +20° 586 


Nevertheless the ephemens computed by Pkobbssok Glasbnapp has sig- 
nally failed of its purpose, as the error now amounts to about 80° As the 
investigatibn was based wholly on angles of position we may infer that these 
coordinates were affected by sensible systematic errors, which might the more 
easily result from the inequality of the stars. 

The careful measures which I recently secured at the Washburn Observa- 
tory (A..rT, 359) have enabled me to mate a new determination of the orbit 
based on all the material of a trustworthy character. We find the following 
elements of 85 Pegaai: 


Apparent orbit: 


P = 24 0 years 
T = 1883 80 
e = 0.388 
a = 0'^ 8904 


9 = 116°.3 

\ = 265° 4 
n = +15° 0 


« P. 52 

=, ' 


Length of major axis 
Length of minor axis 
Angle of major axif 
Angle of penastroft - ' f ■ 

Distance of star from centre, 0^ 


f' f ^ jt 1 ■.* j f 
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The accompanymg’ table gives a companson of the computed with the 
observed places 

Comparison- op Computed -with Observed Places 


t 

00 

6c 

Po 

Pc 

6o Be 

Po — pc 

n 

Observers 

1878 73 

274°0 

276°6 

U 

0 67 

It 

0 77 

0 

-16 

n 

-010 

3 

Buinliam 

1879 46 

284 6 

282 2 

0 75 

0 76 

+24 

-0 01 

6 

Buinham 

1880 69 

297 7 

294 4 

0 66 

0 69 

+33 

-0 03 

8-7 

Buinliam 5 , Hall 3- 2 

1881 64 

3115 

309 0 

0 58 

0 58 

+2 5 

±0 00 

1 

Buinham 

1886 94 

1101 

113 4 

0 69 

0 69 

-3 3 

±0 00 

4 

Hall 3 , Schiapaielli 

1887 91 

119 3 

122 8 

0 66 

0 77 

-3 5 

-Oil 

1 

Scliiaparelli 

1888 87 

126 4 

130 8 

0 83 

0 81 

-4 4 

+ 0 02 

15 

jS 5 , Hall 3 , Schiaparelli 7 

1889 74 

135 8 

137 8 

0 82 

0 83 

-2 0 

-0 01 

10 

Buinham 5, Schiapaielli 5 

1890 76 

142 7 

146 0 

0 75 

0 83 

-33 

-0 08 

10 

Burnham 4, Schiapaielli 6 

1891 76 

152 2 

164 7 

0 79 

0 81 

-2 5 

-0 02 

6 

Buinham 3 , Schiapaielli 3 

1892 85 

168 6 

165 0 

0 74 

0 78 

+3 5 

-0 04 

6-4 

Buinham 1-0 , Schiapaielli 4 

1893 96 

176 1 

176 4 

0 76 

0 75 

-0 3 

±0 00 

6-3 

Schiaparelli 

1894 93 

188 6 

187 5 

0 65 

0 72 

+11 

-0 07 

2-1 

Schiapaielli 

1896 73 

198 4 

197 4 

0 73 

0 70 

+10 

+ 0 03 

3 

See 


We are justified m predicting that the true period of 85 Pegasi will not 
differ from the value given above by more than one year, and that the error 
of the eccentricity will not surpass ±0 02 The good representation of the 
angles and distances shows that the other elements are equally satisfactory 
The foregoing elements will theiefoie nevei be gieatly changed, but some im- 
provement IS desirable, and obseivers with gieat telescopes should continue to 
give this important system regular attention The following is .an ephemeris 
for the next five years 


t 

Oc^ 

f>e 

t 


Pc 

1896 70 

209°6 

070 

1899 70 

245°8 

n 

0 74 

1897 70 

222 4 

0 69 

1900 70 

256 1 

0 76 

1898 70 

234 5 

0 71 







CHAPTEE III. 


RBSUJiTS OB Reseaeches on the Obbits oe Foety Binaet Stabs, with: 
G-eneeal Oonsidbeations Respecting the Stellae Systems 


§ 1 Elements of the Orbits of Forty Binary Stars. 


In the preceding chapter we have presented, detailed researches on the 
orbits of forty stars. To enable the reader to grasp readily the existing state 
of our knowledge, we have also included diagrams of the apparent ellipses, 
and of the mean observations fiom which the elements were derived In many 
cases we have seen that the observations are relatively rough, and that while the 
errors are small absolutely, they are yet very large in comparison with the 
minute quantities measured. Under these circtm^tanoes it sealed useless to 
iij.^ ^a^stnaent of the residuals, and hence we have through- 

. MIL .jM j ^ methods, and arrived at the adopted elements by suc- 

^c^^^^roximations of an empirical character. Accordingly, the orbits are 
not definitive, but for reasons indicated in the several cases the changes which 
future observations may necessitate will be confined within narrow limits. 

In the following Table we give a summary of the elements, with the prob- 
able uncertainty still attaching to the period and the eccentricity. From the 
variations of these elements it is easy to see about the extent of the alterations 
which may be required in the adopted values of the other elements. The final 
changes which future observations may produce in any given orbit can not yet 
be determined with certainty, and hence our variations may occasionally turn 
out somewhat too small ; but as care has been exercised to avoid over- 
estimation of the accuracy of results, the values here indicated ought not to 


prove very deceptive. 

In glancing over the apparent orbits of the preceding chapter the reader 
should remember that the adopted elements depend not only on the agreement 
of the observed distances with the apparent ellipses, but also on the accuracy 
with which the law of areas is satisfied These two criteria seem to justify 
the comparatively small variations indicated in the Table of elements ; but as 


^ ^ 1 : 
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ELEMENTS OF THE CEBITS 


the orbits here presented depend essentially on the observations employed, and 
as onr choice is to some extent a matter of judgement, it is not certain that 
■we have always ai rived at the best results 


Eesijlts of Rksbaeoiies on the 


Star 


2*3062 1 

•q Cassiopeae =260 
y Androm BC = 01 38 
wCan Ma] = Sums 
F 9 Argus = ySlOl 
^Cancri AB = 21196 
23121 

wLeoms = 21356 
giUrs Ma] = 02208 
^Urs Ma] =21523 

02234 

02235 

yCeatauri = H25370 
y Vugmis = 21670 
F42ComBei =21728 
02269 

25 Can Yen =21768 
a Centaun 
02285 

^Bootis = 21888 
i;Coi Bor =21937 
/i^Bootis = 21938 
02298 

y Coi Boi = 21967 
^ScorpiiAB=21998 
o-Cor Boi = 22032 
i Herculis = 22084 
5416 = Lac 7215 
22173 

^Herculis BC= A C 7 
Ophnichi = ^2262 
70 0pliuiclii=22272 
99Heiciilis=A C 15 
f Sagittal u 
y Coronae Austialis 
^Delphmi = ^151 
F 4Aq[naiii = 22729 
8 Equulei AB = 02535 
/cPegasi = j3989 
F 85Pegasi = ^733 


a 

8 


P 

T 

h m 

0 1 

+57° 53 ' 

104 61^ ±20 

1836 2G 

0 429 

+57 18 

195 76 

±10 0 

1907 84 

1 57 8 

+41 51 

54 0 

± 10 

18921 

6 40 4 

-16 34 

52 20 

± 20 

1893 50 

7 471 

-13 38 

22 0 

± 10 

1892 30 

8 62 

+17 58 

60 0 

± 05 

1870 40 

9 121 

+29 0 

34 0 

± 10 

1878 30 

9 231 

+ 9 30 

116 20 

± 10 

1842 10 

9 453 

+54 33 

97 0 

± 50 

1884 0 

11 12 9 

+32 6 

60 0 

± 01 

1875 22 

11 25 4 

+41 50 

77 0 

± 50 

1880 10 

11 26 7 

+61 38 

80 0 

± 50 

1834 30 

12 36 

-48 25 

88 0 

± 30 

1848 0 

12 36 6 

- 0 54 

194 0 

± 40 

1836 53 

13 51 

+18 4 

25 56 

± 01 

1886 69 

13 28 3 

+35 46 

48 8 

± 10 

1882 80 

13 33 

+36 48 

184 0 

±25 0 

1866 0 

14 32 6 

-60 25 

81 10 

± 03 

1875 70 

14 417 

+42 48 

76 67 

±50 

1882 53 

14 46 8 

+19 31 

128 0 

± 10 

1903 90 

15 19 1 

+30 39 

4160 

± 01 

1892 60 

15 20 7 

+37 43 

21942 

±100 

1865 30 

15 32 4 

+40 9 

52 0 

± 10 

1883 0 

15 38 5 

+26 36 

73 0 

± 20 

18410 

15 58 9 

-11 5 

104 0 

± 40 

1864 60 

16 11 

+34 7 

370 0 

±25 0 

1821 80 

16 37 6 

+31 47 

35 0 

± 03 

1864 80 

17 121 

-34 52 

33 0 

± 10 

1891 85 

17 25 3 

- 0 59 

46 0 
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In the course of the next twenty years a sensible impiovement can be 
effeeted in the oibits of rapidly moving stars, such as k Fegasi , but mean- 
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while the elements here adopted will give ephemerides sufficiently exact for 
the use of observers 

Vigorous prosecution of the measurement of double stars will furnish the 

Orbits op Forty Binary Stars 
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674 
70 2 
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83 3 
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67 6 
66 2 
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material for one hundred orhits at the end of another half century, and aceord- 
higly such effort is urgently demanded by the highest interests of science. 
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§ 2 Belatxm Velocity of the Gomiianimi m the Line of Bight 
for the JEpoch 189650 

When the elements of the orbit arc known, the theory developed m ^5, 
Chaptei I, first published in the Mtx onomxbche Nachi lehten, K'o 3314, enabios 
us to predict the relative motion of the companion of a biiiaiy m the line of 
sight foi any given time. The columns marked ^ and ±- in the foiegoing 
Table contain the desiied results foi the epoch 1896 50 The numbcis in the 
column ^ expiess the oibital velocities in units oi the radius of the hodogiaph 
As the scale of this radius is unkmown, except in a very few cases, wc arc 
not able to express this velocity in kilometies or in other alisolute units, but 
when the parallaxes aie determined this may be icadily accomiilishod The 
column as it stands, howevei, shows the rate of oibital motion, compared to 
what IS approximately the average velocity, and we aie thus enabled to select 
those stars which have a rapid oibital motion. If the motion of any given 
pair be rapid, and also mainly in the line of sight, as m the ca^e of 
70 Ophiuchi, the system so eii cumstanced wifi be favorable for spectroscopic 
measuiement The column shows what part of the oibital motion is in the 
line of sight, and this enables us to select for moasuremeiit with the Spectro- 
graph those pairs which have a large orbital velocity with the major portion 
of it towards or from the earth 

The stais at present the most favorably situated for measurement of the 
relative motion in the line of vision are rj Cassxopeae, a Gamb Majoiis, 
iBoofxs, y Goronae Bmeahs, X2173, 70 Ophuchx, ^DelpUm, and a Gentaun 

Adopting parallaxes of 0" 75, 0" 162, and 0" 154 for a Gexitauxi, 70 OplnucU, 
and gGassxopeae i espectively, we find the Ime-of-sight components for the 
several systems to be 6.66, 13 95, 8 89, where the unit is the kilometre These 
quantities are well within the limit of spectroscopic measurement, and thercfoie 
an expeiimental determination offei s an attractive problem to observers occupied 
With, this branch of Astronomy 

It will be seen that seveial of the above stars aie wide, while others are 
very close If the two spectra can be photographed on the same plate, the 
Imes being only slightly displaced by the relative motion of the stars, as m 
the case of spectroscopic binaries, the close pairs ought to be as easily measured 
as the wide ones, whose spectra could perhaps be photographed separately 

In any case the prosecution of these researches with the powerful spectro- 
scopic appliances of the great telescopes of our time is an urgent desideratum 
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of Astronomy. And until the relative motions of visible systems are thus 
determined there will remam some doubt as to the reality of the so-called 
spectroscopic binaries, not that any one doubts the theoretical validity of the 
Dopplee-Hhggins principle, but rather that other explanations of the phe- 
nomena interpreted as spectroscopic binaries are considered possible Moreover, 
the great interest attaching to investigations which will give the absolute 
dimensions, parallaxes and masses of binary systems, as well as the possibility 
the validity of the law of gravitation, ought to induce astronomers 
to prosecute these studies with a zeal commensurate with their real im- 
portance 

Owing to the small size of the earth’s oibit, it seems that our principal 
hope for knowledge of the dimensions of the universe must be based upon this 
method The change in wave-length due to motion in the line of sight was 
originally pointed out by Doppler, but Huggins was the first to apply the 
Spectroscope to the heavenly bodies, and to reduce Doppler’s principle to 
actual practice, and to assign it a place in modern Astronomy The applica- 
tion of the principle to the determination of the dimensions of binary systems 
was first proposed by Fox Talbot. But as his theory was restricted to 
the case of circular motion, it could not be applied to the eccentric orbits 
described by the stars,' and accordingly it has since been somewhat varied and 
extended by others. The theory which we have developed is entirely general 
for ellipses of every possible eceentncity, and from the point of view of rigor 
and generality leaves nothing to be desired. 


§3 Investigdtion of a Possible Pelation of the Orbit-Planes of Pmary Systems 

to the Plane of the Milky Way 

Owing to the well known arrangement of the stars and sharply-defined 
nebulae with respect to the Milky Way, it has been suggested that some rela- 
tion might exist between the planes of the stellar orbits and this fundamental 
plane of the universe An examination of this question is worthy of the atten- 
tion of astronomers, and accordingly we shall compute the inclinations of the 
foregoing orbits by the foimulae developed in the Perhner A-slronomisches Jahr- 
buch for 1832. The method of transformation which Enoke has employed 
enables us to refer the plane of a double-star orbit to any absolute plane in 
space. 

Let us pass a plane through the central star parallel to the equator. The 
pole of this plane will meet the celestial sphere at the same point as the pole 
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of the heavens Consider the triangle connecting the pole of the equator with 
the poles of the real and of the appaient oibit The pole of the appaicnt 
01 bit is detei mined by the right ascension and decimation of the star (a, 8) 
Let the coordinates of the pole of the real orbit refeiied to the same axes be 
A and A and let ft' be the angle which the gieat cncle passing thioiigh the 
poles of the leal and apparent oibits makes with the meiidian The aic , pin- 
ing the poles of the oibits is the inclination, 4, and this is one of the elements 
given in the foregoing Table Fiom the lesultmg spherical triangle we have 


wlieie 

and 

Then 


smZ) = Gosi sin S + sill i cos 8 cos Si' = m cos (Jf— 8), 


cos i) sin fa — = siiiiSinSi', 

cos 2) cos (a— A) = cosi cos 8 — sini sin 8 cos gi' = m sin(M—S), 
sin i cos S ' = cos ]fl, 


cos i = 7?L sin If 
tanilf = ^ 


tan i cos Si ' ’ 
sin(Jlf-8) 
cosflf tan Si' ’ 

cos (cc-A) 
tani) = 7 — hrr — 
tan (M— 8) 


4. / /fN 

tan(a— 


When the light ascension and declination of the pole of the real oibit 
have been detei mined, we may pass a jilane thioiigh the cential stai paiallel 
to the Milky Way In the spheiical tiiangle which joins the pole of this 
plane with the pole of the leal oibit and the pole of the heavens, the incli- 
nation of the leal orbit to the plane of the Milky Way is given by the aic 
connecting their poles Thus we have 

COST = sinJ9 sin 8' + cos D cos 8' cob(^ — a'), 


where a' and 8' denote the coordinates of the noith pole of the Milky Way 
In our computations the coordinates of the north pole of the Milky Way 
are taken on the authority of Sir John Hbesohbl, who found 

a' = 12 » 47 ” , 8 ' = + 27 ° 


There are two solutions for F, owing to the two values of A and D inci- 
dent to the indetermmation of the ascending node, and the lesulting inclinations 
to the Galaxy are tabulated as F and F'. iMow, we do not know which of those 
two possible inclinations to the Milky Way is coi rect, but since it is impossible 
to select from eithei column any one prevailing angle, much less an evanescent 
inclination, we conclude that the orbits are not directly related to the Milky 
Way, or to any other fundamental plane of the heavens Thus it is clear 
that the orbit-planes he at all possible angles to the Milky Way, with no 
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marked relation to the general scheme which distinguishes the arrangement of 
the stais and well-defined nebulae. The consideration that the size of a stellar 
orbit IS small compared to the dimensions of the Milky Way, and that the 
number of such systems is very great, might have enabled us to anticipate this 
result as probable d priori, since the condensation of nebulous matter to so 
many centres would almost of necessity have produced rotations m all possible 
places^ and even if confined originally to one plane the parallelism would have 
disturbed by the action of foreign bodies during the ages required for the 
development of the visible universe. 


§4. High Eccentriaities a Fundamental Law of JFature. 

It thus appears that the inclinations of the orbit-planes bear no definite 
relation to any given plane of the heavens, and an examination of the periods 
of revolution shows that this element likewise has no characteristic property 
The periods are found to range from 11 to 370 years. 

It IS evident that such elements as T, a, si, X, can have no relation to 
physical causes, and an inspection of the Table shows no tiaee of such a con- 
nection When, however, we came to deal with the eccentricity the case is 
different The results given in the preceding Table establish a most remarkable 
law, which is of fundamental importance in our theory of the origin and devel- 
opment of the stellar systems, and is besides of practical value to working 
asti onoraers 

On glancing over the eccentricities it is found that while nearly all values 
exist, few, if any, are very small like those of the planets and satellites, nor 
are any very large hke those of the long-period comets The smallest eccen- 
tricity IS that of ^ Scorpu, e = 0.131, the largest that of y Yirginis, e = 0897, 
the mean value for the forty orbits, e = 0.482 

Let us take the aj-axis as the axis of eccentricity, and the y-axis as the 
axis of number of orbits, and divide the interval fiom e = 00 to e = 1.0 into 
a convenient number of parts Then, if we erect ordinates denoting the num- 
ber of orbits falling in the given intervals, and connect the points thus deter- 
mined, we shall be able to illustrate the distribution of orbits as regards the 
region of eccentricity. 

We find no orbits between 0 0 and 0.1; two between 0.1 anti 02; four 
between 0 2 and 0 3, eight between 0.3 and 0.4; nine between 0.4 and 0.5; 
nine between 0 5 and 0 6, two between 0 6 and 0.7, four between O.T and 0.8, 
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tvo between 0.8 and 0 9; none between 0 9 and 10 The distiibution is illus- 
trated by the broken line m the aceomjpanying figure Since the numbei of 
orbits is finite, the figure is au irregular hne, if the number were indefinitely 
increased, the figure ought to become approximately a smooth ciiive 

It IS evident, therefore, that the ti ue curve of disti ibution of orbits i esemblos 
a probability curve with maximum near 0 482, the slope m either direction is 
gradual, but the curve vanishes befoie it leaches zeio and unity "We have 
drawn a pointed curve to illustrate what is conceived to be the piobability 
curve for the distiibution of oihits, but it is based on foity orbits only, and 
therefore is necessarily piovisional "We may observe, however, that foity is a 
number sufiSieiently large to realize the essential conditions undei lying the 
theoiy of probability, and accordingly wo aie justified in the inference that the 
nature of the curve here indicated will never be greatly changed Theie is 
an 11 regnlanty in the broken hne between 0 6 and 0 7, which may be attributed 
to the effect of chance , if the number of orbits were greatly increased this 
gap would be filled up In general, there will be irregularities in the distri- 
bution so long as the number of orbits is finite, but they ought to become less 
maiked as the number is increased 

Thus, it is deal that m whatevei inteivals the axis of eccentricity be 
divided, and however the number of oibits be increased, theie will remain in 
the curve of distribution a conspicuous maximum near 0482, with a giadual 
slope in both directions The following table shows the ecceiitiicities of the 
oibits of the planets and satellites (^Inaugural Dissertation, Berlin, 1893, p 58) • 
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The orbits of several satellites appear to be circular, or rather the eccen- 
tricity IS found to be insensible in consequence of the errors of observation 
'Wq shall not underestimate these unknown eccentricities if we assign to them 
the mean value of the known eccentricities of the satellite orbits (0 0325) 
Making this maximum assumption we find that the average eccentricity for the 
solar system-— the eight great planets and their twenty-one satellites — cannot 
surpw #-1^89. 

these considerations we have omitted the comets and the asteroids, be- 
cause the former have been drawn to our system from outer space, while the 
latter have originated by an anomalous process, and depart so radically from 
the other bodies of the system that they cannot be considered as a type of 
planetary evolution, but rather as an abnormal development It is also to be 
remarked that the eccentricities of the orbits of the planets and satellites are 
still involved in some small degree of uncertainty, and moreover they will vary 
from century to century owing to the cumulative effects of the secular variations 
and of the long-period inequalities. IN'otwithstandmg these changes it is clear 
that the values of the eccentricities given above represent the true nature of 
the solar system 

It follows, therefore, that the average eccentricity among the double stars is 
more than twelve times that found in the planetary system, and this easbra- 
ordinary result is manifestly the expression of a fundamental law of nature- 

The eccentricities of the orbits of the stars discussed in this work are still 
subject to slight changes, but there is reason to believe that the average value 
(0 482) will never be altered except by a very small quantity. The apparent 
orbits given m the preceding chapter enable the reader to make a direct in- 
spection of the linear eccentricity, and he may thus judge of the magnitude of 
this element, as well as of the changes it is hkely to undergo In order to 
minimize the uncertainty in our final data, we have purposely restricted our 
researches to the forty orbits which were capable of the most exact determi- 
nation Since the orbits of the forty stars will undergo no sensible improve- 
ment, at least for a good many years, it seemed of interest to present also fig- 
ures of the real orbits 

In the accompanying illustrations the orbits are arranged m the order of 
eccentricity, and the reader is thus enabled to examme the different degrees of 
elongation Accordmgly, it appears that while the orbits are much more eccen- 
tric than those of the planets and satelhtes, they me yet much less eccentric 
than those of the long-period comets. 

In the preceding diagram we have drawn one broken line to illustrate the 
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distribution of the orbits of comets, and another for the distribution of the 
orbits of the planets and satellites The nmnbei of cometary orbits is so large 
that m this case the scale of oidmates had to be very much reduced. An in- 
spection of these curves shows that the planetaiy mbits are heaped up) about a 
very small eccentiieity, while the eoinetaiy orbits elustei around the parabo- 
lic eccentiicity This characteristic of the oibits of comets indicates, as 
Laplace fiist pointed out, that these bodies have been diawii to our system 
from the regions of the fixed stars, and therefoie then eecentiicities suipass, 
equal or appioximate unity Some of the comets have passed neai the laigei 
planets, and thus suffered perturbations which have reduced then eccentricities , 
and hence the euiwe slopes down gi’adually on the side towaids the oiigin 
The right branch of the curve is but little known, since the great perihelion 
distance of hyperbohc comets enables them to pass through our system unnoticed, 
unless they happen to be very bright 

Thus it IS evident that the tendency of double-star orbits is to group about 
a mean eccentiicity which is almost equally removed from the two exti ernes 
presented in the solar system Orbits which are so much elongated have no 
close analogy with those of the planets and satellites , on the other hand their 
lack of veiy gieat eccentricities excludes them from the category of comets, 
and does not peimit us to assign to these systems a Jottaitoub oiigin "We shall 
see heieaftei that the orbits weie originally nearly eirculai, m the couise of un- 
measurable ages they have been gradually expanded and elongated by the woik- 
ing of tidal fiiction in the bodies of the stars The visible elongation of the 
orbits thus enables us to trace the changes of the stellai systems through mil- 
lions of years, and to thiow hght upon the pioblems connected with their 
evolution 

In discussing the motion of yVirgims, Sie John Hbesohbl long ago remarked 
that “the eccentricity is, physically speaking, by far the most impoitant of all 
the elements,” and now we see that this element, which depends wholly on 
micrometrical measures, and is independent of the parallaxes and relative masses 
of the stars, gives the sole clue to the evolution of the stellar systems, 
and will some day enable us to lay a secure foundation for scientific Cos- 
mogony 

"W^ e may observe that besides throwing hght upon the past condition of 
the universe the general law of the eccentiicity here established will also be 
useful to practical astronomers The eccentncity of any given orbit may depait 
considerably fiom the mean here indicated as the most probable value, yet the 
tendency towards this legion will on the whole prove useful to computeis 
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The ohseivei who is awaie of the high eeeenti icities and different iiichnatioiis 
of the oibits will know that in many cases the length of the apparent radins- 
vectoi IS subject to great variations, and as a shortening of the ladius-vector 
corresponds to accelerated angular motion of the companion, he will nevei find 
it safe to assume that the motion is uniform The foity stais tieated m this 
work piesent several instances where the angular motion at certain epochs has 
been extiemely lapid, and it is much to be legretted that moie obseivatioiis 
were not secured at such critical points of the orbits These gcneial results 
may prove of value to the obseiver of the fiitiuc, and stimulate an increased 
interest in the systematic measmement of revolving bmaiies 


§5 Melative Masses of the Com2)onents 'm Stellar Systems 

A pioblem of fundamental nnpoitance in the study of the stais is the 
determination of the lelative masses of the components of a system Such 
determinations have been made heretofore in very few cases, and even when 
undei taken have been seiionsly embaiiasscd by the crrois of observation It 
has been customary to base the investigations upon absolute positions deter- 
mined with the Meiidian Ciiclo The eiiors of our absolute positions deduced 
111 this way aie so laige in comparison with the delicate quantities depending 
on the iiregulaiity of the piopei motions of the individual components of a 
system whose centie of giavity moves uniformly on the arc of a gieat eiicle, 
that the lesults obtained are affected by large probable errois 

The systems in which such reseaiches have been attempted aio 

(1) a Cavhis Majotis, where Atjwers finds the masses to be in the ratio 
of 1 2 119 

( 2 ) a Centawi, in which Stone found the masses approximately equal, 
Elkin made them as 1 1124:, and Roberts finally concludes fiom a moie 
elaborate investigation that they aie in the ratio of 1 1041. 

(3) Tj Gassiopeae, investigated in 1881 by Lijdwio- Struve, who found 
the masses to be in the ratio of 1 3 731 

So fai as we ai e aware these thi ee wide systems ai e the only ones whose 
relative masses have been investigated, and we may lemark that the condition 
of each star is favorable to a determination fiom the cn cumstance that the 
pans aie wide and toleiably rapid in their oibital motion, and therefore the 
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irregularity of the proper motions of the components is conspicuous in com- 
parison with the errors of observation 

There are other systems such as 70 OpMucM, ^ Boohs, and yVirgims, which 
are favorable for similar investigations, but none have yet been attempted. It 
would be all the more interesting to investigate the relative masses of 
70 Oj)htuchi from the circumstance that the system contains a dark body which 
sensibly peiturbs the visible components 

In the case of yVirgims we might infer that the masses are nearly equal, 
as m the system of a Centaun 

But even if the bright and widely-separated pairs were all investigated, it 
would still be difficult to reach any of the small, close stars whose distances 
are less than two seconds of arc The investigation of the relative masses of 
the components of such systems by means of absolute positions determined 
with the Meridian Circle seems forever impossible, since the stars under such 
power would seldom be separated, and when separated the eirois of observa- 
tion would be laiger than the quantities involved in the determination of the 
relative masses The old method is therefore very limited in its application, 
and a new method must be invented if we are ever to have precise knowledge 
of the relative masses of the components of binary systems 

We suggest the following method as much more general and also much 
more exact than the one depending on absolute positions The distance and 
position-angle of each component with respect to a neighboring star should bo 
determined at different epochs, the measures being taken with the Hehometer 
if the distance is large, with the Micrometer if the neighboring star is close or 
very faint A series of such lelative positions would disclose the location of 
the centre of gravity by its uniform motion and the resulting conseivation 
of areas with respect to the neighboring star And since the measures are 
differential only, it ought to be possible to attain the desired degree of accu- 
racy; the only difficulty likely to arise in practice would be one depending 
on the personal equations and the constant errors affecting the work of 
individual observers Experience alone could determine how serious this 
difficulty would he, hut it seems probable from the results obtained in the 
measurement of double stars that it would become considerable only in the case 
of pairs which have no near companion. 

Indeed, this method for finding the relative masses of stars is exactly the 
same as that employed in parallax measurement, except that the observations 
must extend over the period of a revolution (or a large part of such a period) 
instead of over the period of one year 



EBLATIVE MASSES OE THE COMPONENTS IN STELLAB SYSTEMS 


255 


The proposed method therefore is as follows Let the differences in right 
ascension and declination with respect to either of the components at the 
epochs t, t' f be 

sin^o sec So , //S^ = p, cos^o 

sinOJ secBJ , = p^' oosO^' 

Ja," = po"sm^o"sec8o" , = Po" oosd" 

Let the diflfeiences in right ascension and declination of the components of 

the system m like manner be 

= p siii^ secS , z/8 = p cos^ 

= pf sin^' sec S' , ^S' = p' cos^' 

= p" sm0" secS"' , z/S^' = p"' cos 


Then the cooidinates of the centie of gravity of the system lef erred to the 
neighboring star will be given by the expressions, 
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where the formulae are arranged foi the case of the smaller star, which is 
generally to be preferred, as the magnitude of the absolute oibilal motion 
about the centie of giavity is in the inveise ratio of the masses of the 
components 

, My m, 

In these expiessions the only unknown quantity is the ratio I he 

most natuial condition for the determination of this unknown is fuinished by 
the piineiple of the conseivation of the motion of the centie of giavity of a 
system of bodies 'When the arc desciibed by the centie of giavity is small, 
the motion in right ascension and decimation is unifoim like that in the arc of 
a great circle Thus we have 






t'-t 

i/'-t 


■When n sets of independent observations have been secuied, the number 
of equations for the determination of the most probable value of the ratio 


My 


IS 2 {n — 2) 
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If the precession is sensible, the observations of $o, do, 6", and 6, 6', 6", 
etc , must be referred to a common epoch An independent formula for the 

determination of the ratio be deduced from the criterion that the 

motion of the centre of gravity is confined to the arc of a great circle 

HV^hile the method may not prove to be entiiely general, owing to the 
occasional absence of suitable comparison stars, there is reason to think that 
the Heliometer and Micrometer together ought to prove very effective. Such 
measurements, if extended to groups of perspective involving two or more 
objects, will furnish the means also of detecting the existence of any possible 
irregularities in the proper motions of single stars. In the early days of star 
cataloguing it was difl3.cult to believe that the proper motions were uniform 
and rectilinear, but as this has been found to be the general rule, it is now 
difScult for some to credit the existence of irregularities in the proper motions, 
or the presence of dark bodies perturbing the motions of the stars. The errors 
of observation are relatively so large that sound method of procedure requires 
caution in attributing anomalies to foreign causes, lest by undue credulity we 
be led to introduce all manner of vain fictions; yet it is certainly unphilosophi- 
cal to doubt the existence of numerous daik companions which disturb the 
motions of the fixed stars. It will ultimately be a matter of gieat interest to 
determine the extent and the character of such perturbations These consid- 
erations suggest fields of inquiry of the widest scope, and assure us that while 
exact Astronomy shall be cultivated, the Hehometer and the Micrometer are 
not likely to lose their present importance, through the introduction of any sort 
of mechanical methods 

It will be some years before the above method can be applied, and hence 
it is interesting to reach some general result as to the relative masses of binary 
stars The determinations above spoken of, except in the case of Sinus, show 
that the masses are roughly in proportion to the brightness of the stars This 
lule would doubtless lead to erroneous conclusions in a good many individual 
cases, yet in taking double stars as a class, it will give results which are not 
far from the truth, and hence the light-ratios of the forty stars given in the 
Table show that on the average the components of binaries are comparable, 
and frequently almost equal, in mass This we may infer to be a general law 
for all binaries, and the corresponding relative masses accord perfectly with 
those of the double nebulae di awn by Sir J ohn Heesohbl, and with the mass- 
ratios resulting from the rupture of the figures of equilibrium of rotating mass 
of fiuid investigated by Poincare and Darwin. 
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§6 Exceptional Character of the Planetaoy System 

The fundamental result indicated in the foregoing section is in striking 
contrast with the phenomena presented in the solar system The masses of 
the planets are very small compaied to that of the Sun, and the masses of the 
satellites are very small compared to those of the planets around which they 
revolve The mass-ratio in the case of the Earth and Moon amounts to 
and IS by far the largest in the solar system. The mass of Japitei, ,c, 
is much larger than that of any other planet, and yet such a body is wholly 
insignificant compared to the Sun If such inconsiderable companions attend 
the fixed stars, they would neithei he visible, nor could they be discovered by 
any peituibations which they might pioduce It is therefore impossible to 
deteimine whethei the stellar systems include such bodies as the planets, and 
we aie thus unaware of the existence of any other systems like oui own On 
the othei hand the heavens incscnt to our consideiation an indefinite numbei 
of dovhle systems, each of which is divided into eompaiablc masses These 
double systems stand in direct contiast to the planetary system, where the 
central body has 746 times the mass of all the othei bodies combined In 
binary stars the mass distiibution is evidently double, while in the solar system 
it IS essentially single. By a piocoss extending throughout the univeisc it 
seems that the nebulae frequently divide into approximately equal or conqiai- 
able masses, and develop into double stars, while in the case of our own nebula 
substantially all the matter has gone into the Sun 

Therefore while observation gives us no gioiind for denying the existence 
of other systems like our own, it does not enable us on the other hand to 
affirm or even to render it probable that such systems do exist And in 
this state of insufficient evidence we arc confionted by the undoubted existence 
of a gieat number of systems of an entirely different type. ’Whatevei theories 
of Cosmogony aie proposed, it is evident that in order to have any claim to 
acceptance, they must be based upon what is really known, not upon what 
may or may not exist Those who have proceeded to deduce Cosmogonic 
processes from our own isolated and abnormal system, have theiefore puisued 
an illogical course, and it is not lemaikable that they have failed to throw 
much light upon the laws of Cosmogony. 

The solar system is rendered abnormal by the great number and small 
masses of its attendant bodies and by the circularity of their orbits about the 
large central bodies which govern their motion The system is throughout so 
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regular, and adjusted to such admirable conditions of stability, that among 
known systems it stands absolutely unique. Whether observation will cvei 
disclose any other system of such complexity, regularity and harmony, is an 
interesting question for the future of Astronomy It is certain that the number 
of double stars will be augmented in proportion to the diligence of observers 
and the improvement of our telescopes, and we may reasonably expect a 
sensible increase in the number of triple and quadruple stars and of stars 
attended by dark bodies. 

Such systems as Sinus, Procyon, C Gancri and 70 Ophmchi aie not likely 
to be isolated cases; but caution is required where the observations are not 
decisive, lest the number be unduly increased by imaginary bodies resulting 
from errors of observation. It seems probable that a number of double stars 
are likely to disclose perturbations which can be investigated, and we have 
already some indications that the motions of ^ Herculis, f Ursae Majons, 
jj} Herculis and y Goronae Borealis are not perfectly regular. But in the 
present state of the measures it seemed best to attribute the apparent irregu- 
larities to errors of observation. t^Hermlis especially merits the most careful 
attention of observers; after its periastron passage a refined investigation will 
show whether the motion is really perturbed. 

The question naturally arises whether the stars of these double systems are 
attended by small dark bodies of a planetary character. We have seen that 
most of the binaries have highly eccentric orbits, and hence if planetary bodies 
revolved around either component, they would experience great perturbations, 
besides the most violent changes of light and heat It seems probable that 
planets could not be formed without developing very eccentric orbits, and if 
once in existence, it is questionable whether such bodies could endure' under 
the violent pei’tnrbations to which they would be subjected at periastron 
passage Even if a planet were very close to its central star, its motion would 
be affected by an inequality of enormous magnitude analogous to the annual 
equation in the moon’s motion; and if not destroyed by collision with one of 
the stars or by dismtegration under the tidal forces within Eoohe’s limit, m 
all probabihly it would sooner or later be driven from the system on a curve 
analogous to a parabola or an hyperbola. Thus, while the motion of a planet 
aiound one of the components could hardly be so stable as the corresponding 
phenomena of the solar system, it might yet continue for long ages if ttm orbit 
of the binary be not too eccentric; the final state of the system would depend 
upon the densities, relative masses and distances of the componentsy^^he mutual 
inclinations, and above all, the eccentricities, of their orbits 


